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The  observations  Avhicli  here  follow  were  begun  under  the  direc¬ 
tion  of  Surgeon-General  Sternberg  for  the  purpose  of  critically  com¬ 
paring  both  the  cultural  characters  and  pathogenic  action  of  his 
Bacillus  X,  derived  from  yellow-fever  cadavers,  with  those  of  Bacillus 
icteroides  (Sanarelli),  which  had  been  recently  announced  as  the  spe¬ 
cific  agent  of  yellow  fever.' 

During  this  investigation  our  attention  was  attracted  to  the  remark¬ 
able  cultural  resemblauces  of  Bacillus  icteroides  and  the  hog-cholera 
bacillus,  which  led  us  to  take  up  a  new  line  of  comparative  experi¬ 
ments  witli  these  bacilli. 

In  a  preliminary  note,  published  in  the  Medical  News,  April  29, 
1899,  we  have  briefly  called  attention  to  some  of  the  cultural  resem¬ 
blances  of  these  bacilli  and  the  similarity  of  the  lesions  produced  in 
the  guinea-pig,  rabbit  and  dog  by  Bacillus  icteroides  to  those  found 
in  these  animals  after  inoculation  with  the  hog-cholera  bacillus.  We 
also  noted  the  marked  agglutinative  reaction  which  the  serum  of  an 
animal  immunized  with  Bacillus  icteroides  exerted  toward  the  hog- 
cholera  bacillus;  and  wo  recorded  the  fact  that  the  former  bacillus, 
when  fed  to  the  domestic  jiig,  would  bring  about  an  acute  fatal  infec¬ 
tion  in  which  the  principal  lesion  was  found  in  the  large  intestine. 

As  the  result  of  the  comparative  study  which  we  had  made  at  that 
time  of  Bacillus  X  (Sternberg)  and  Bacillus  icteroides  (Sanarelli),  we 
expressed  the  opinion  that  while  the  former  belonged  to  the  colon 
group,  the  latter  should  be  considered  as  a  variety  of  the  hog-cholera 
bacillus,  and  hence  as  a  secondary  invader  in  yellow  fever. 

In  this  report  we  propose  to  give  more  at  length  the  observations 
upon  which  these  conclusions  are  based. 

I. 

BACILLUS  X. 

Since  the  cultural  characters  of  Bacillus  X  are  in  striking  contrast 
to  those  of  Bacillus  icteroides  and  the  hog-cholera  bacillus,  we  have 


>  Siinarelli.  lecture  on  yellow  lever,  with  a  (lescription  ot  the  Bacillus  icteroides. 
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concluded  to  give  this  bacillus  separate  consideration.  The  difference 
in  its  pathogenic  action,  as  manifested  toward  the  smaller  animals,  is 
an  additional  reason  for  adopting  this  course. 

The  culture  of  this  bacillus  which  we  have  used  in  our  eomjiarative 
experiments  was  received  by  Dr.  Sternberg  from  Dr.  E.  II.  Wilson,  of 
the  Hoagland  Laboratory,  Brooklyn,  Xew  York,  where  it  had  been  kept 
as  a  stock  culture  for  about  four  years.  The  original  culture  had  been 
isolated  by  Sternberg,'  during  the  summer  of  1889,  in  the  city  of 
Havana,  from  yellow-fever  cadavers — Cases  Xos.  18  and  28.  It  had 
not  been  isolated  by  direct  culture  from  the  cadaver,  but  from  the 
serous  effusion  beneath  the  skin  and  from  the  livers  of  the  guinea-pigs 
which  had  died  from  the  subcutaneous  inoculation  of  a  small  quantity 
of  the  blood  and  crushed  liver  parenchyma  of  cases  of  yellow  fever  au- 
topsied  soon  after  death.  When  placed  in  our  hands.  Bacillus  X  had 
been  cultivated  ou  artificial  media  for  about  seven  years. 

CiiAKACTERS  OF  BACILLUS  X. — Morpliology. — x\s  originally  described 
by  Sternberg,  Bacillus  X  “resembles  the  colon  bacillus  in  form,  but  is 
somewhat  larger,  from  2  to  4 //in  length  by  0.8  to  l//in  chameter;  some¬ 
times  occurs  in  pairs;  may  grow  out  into  short  filaments,  not  common.” 
It  is  stated  that  “in  recent  gelatine  cultures  it  is  often  so  short  an  oval 
in  form  that  it  might  be  mistaken  for  a  micrococcus.”  The  morpho¬ 
logical  characters  of  Bacillus  X  as  observed  in  our  cultures  agree  with 
this  descri])tion.  The  bacillus  is  decolorized  by  Gram’s  method. 

MotiUtij. — Bacillus  X  exhibited  active  movements  in  cultures  made 
directly  from  the  yellow-fever  cadavers.  This  motility  was  not  constant 
and  was  not  observed  in  cultures  which  were  brought  from  Cuba  to  the 
United  States.  Sternberg  states;  “  These  movements  were  usually  not 
observed  in  all  the  bacilli  in  a  field  under  observation,  but  one  and 
anotlier  would  start  from  a  quiescent  condition  on  an  active  and  erratic 
course,  sometimes  s])inning  actively  upon  its  axis,  and  again  shooting 
across  the  field  as  if  ])ropelled  by  a  fiagellum.”  It  was  noted  that  cul¬ 
tures  ])assed  through  the  guinea-]ug  were  more  apt  to  be  motile. 

AVe  have  not  ol)served  motility  in  this  bacillus.  For  the  purpose  of 
reviving  its  active  movements  we  have  re))eatedly  passed  it  through 
guiuca-pigs,  but  without  success  as  regards  the  restoration  of  motility. 
AAdien  stained  by  suitable  methods,  however,  such  as  Pittfield’s,  ilagel- 
late  forms,  few  in  number,  may  be  seen.  The  number  of  flagella  varies 
from  1  to  G. 
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Bouillon. — Bacillus  X  grows  freely  in  this  mediuiii,  which  becomes 
heavily  clouded  without  the  formation  of  a  surface  pellicle.  After  48  to 
12  hours  a  small,  somewhat  dense  deposit  is  found  at  the  bottom  of  the 
tube.  The  bacillus  grows  rapidly  in  bouillon  to  which  glucose,  lactose 
or  saccharose  has  been  added,  with  the  appearance  of  numerous  small 
gas  hubbies  at  the  surface  of  the  liquid. 

A  disagreeable  odor,  resembling  that  of  the  colon  bacillus,  is  given 
off  by  all  cultures  of  Bacillus  X. 

Gelatine. — In  stick-cuitures,  the  growth  resembles  that  of  the  colon 
bacillus.  The  surface  growth  may  consist  of  a  soft  milk-wliitc  layer,  or 
may  he  quite  thin  aird  dry,  with  very  irregular  outline.  The  tendency 
of  the  growth  is  to  overspread  the  surface  of  the  medium.  Abundant 
development  occurs  all  along  the  line  of  puncture  and  presents  a  yellow¬ 
ish  color  by  transmitted  light.  Delicate  tufted  outgrowths  frequently 
appear  along  the  line  of  puncture. 

In  gelatine  plates,  the  deep  colonies,  after  24  hours  at  20°  C.,  may 
readily  be  detected  with  the  eye  as  minute  white  points.  Under  the  low 
power  they  appear  as  round,  finely  granular  masses,  of  a  pale  yellow  color. 
Older  deep  colonies  become  opaque,  change  their  color  to  a  dark  brown 
and  often  show  a  tendency  to  become  lobidated.  Surface  colonies  after 
24  hours  are  of  a  pale  or  faintly  yellow  color,  finely  granular  throughoiit, 
with  irregular  margin.  Some  of  these  colonies  may  show  a  delicate 
veining.  After  48  hours,  surface  colonies  arc  2  to  3  mm.  in  diameter, 
and  of  a  pearl-gray  color  by  reflected  light.  Under  the  microscope  they 
show  dense  granular,  brown  centres,  surrounded  by  a  lighter  colored 
portion  that  is  distinctly  veined.  The  central  ])art  of  the  colony  shades 
off  gradually  into  a  pale,  spreading,  irregular  margin.  In  the  smallest 
surface  colonies,  the  perijrheral  portion  is  broader’,  ])aler  and  slightly 
indented,  while  the  ccrrtral  ])art  has  a  yellowish  tinge  and  is  delicately 
veined,  giving  a  strikirrg  r’escrnblance  fo  young  colonies  of  the  colon 
bacillus.  Old  sirrface  colonies,  by  reflected  light,  are  glisterring,  r’aised, 
of  a  milk-white  color  and  irregular  outline.  Under’  tire  low  power  they 
show  a  dark-brown,  granular  eerrti’e  surrounded  by  a  coloi’less,  irregular 
margin. 

.4ciVZ  Potato-Gelatine. — The  bacillus  grows  fr’eely  as  a  derrse,  grayish- 
white,  shining  layer’,  slightly  raised  above  the  surface. 

Acid  Potato-Gelatine  Containing  1  per  cent  XT. — Develops  readily  on 
this  mediirm. 

Agar-Agar. — In  stroke  cultures  the  gr’owth  a]i]rears  as  a  moist,  soft, 
gr’ayish-white,  r’aised  layer  which,  while  spreadirrg  to  some  extent  on 
either  side  of  the  line  of  irroculation,  does  not  show  a  tendency  to  over- 
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spread  the  mcclinm.  The  margins  are  frequently  thin  and  notched. 
Tliis  growtli  on  agar  closely  resembles  that  of  the  colon  bacillus. 

On  agar  plates,  the  deej)  colonies  are  round,  oval  or  whetstone-shaped, 
of  a  brownish  color,  finely  granular  and  sometimes  show  a  tendency  to 
lobulation. 

At  thermostat  temperature,  after  24  hours,  the  surface  colonies  are 
from  2  to  4  mm.  in  diameter  and  by  reflected  light  of  a  grayish,  or  milk- 
white  color.  Under  the  Ioav  power  they  are  finely  granular,  of  a  brownish- 
yellow  color  and  often  show  a  distinct  veining;  the  margin  is  irregular 
in  outline.  These  spreading  colonies  resemble  those  of  the  colon  or 
typhoid  bacillus. 

Potato. — Grows  rapidly  on  potato;  at  first,  as  a  thin,  moist,  slightly 
brownish  or  yellowish-brown  layer,  with  tendency  to  overspread  the  sur¬ 
face  of  the  medium;  later,  the  growth  while  remaining  quite  moist,  be¬ 
comes  more  raised  and  presents  a  dirty-grayish,  or  grayish -yellow  color; 
no  gas  bubbles  are  to  he  seen  at  any  time. 

Mill-. — GroAvs  well  in  this  medium,  which  is  generally  coagulated  at 
the  end  of  2  to  G  days  at  thermostat  temperatures.  Litmus  milk  is  de¬ 
colorized  and  slightly  reddened  at  the  end  of  24  hours.  At  the  expira¬ 
tion  of  48  hours  coagidation  has  begun,  and  is  generally  complete  after 
3  to  G  days.  We  have  observed  that  cultures  which  have  recently  been 
passed  through  animals  have,  as  a  rule,  l)rought  about  the  coagulation  of 
milk  more  shnvly. 

Fermentation  Tube;  Glucose  BoniUon  1  per  cent. — Grows  rapidly  in 
glucose  bouillon,  producing  prompt  and  marked  fermentation.  At  the 
end  of  24  hours,  the  amount  of  gas  present  in  the  closed  branch  of  the 
tube  varies  from  4.5  to  G  cm.  There  is  but  little  increase  in  the  quan¬ 
tity  at  the  expiration  of  48  and  72  hours.  Eeaction  strongly  acid. 

Lactose,  1  per  cent. — This  medium  is  also  ])romptly  fermented.  At  the 
end  of  24  hours  the  quantity  of  gas  equals  4.5  to  5  cm.  This  is  only 
slightly  increased  after  48  to  72  hours.  Reaction  acid. 

Saccharose,  1  per  cent. — This  medium  is  at  first  slowly  fermented.  The 
quantity  of  gas  at  the  end  of  24  hours  does  not  exceed  0.5  cm.  During 
the  second  day  the  fermentation  is  more  rapid,  amounting  to  about 
3  cm.  at  the  end  of  48  hours.  This  may  be  slightly  increased  at  the  end 
of  72  hours.  Reaction  acid. 

Jndol  Beaetion. — In  Dunham’s  solution  Bacillus  X  produces  indol. 
Til's  reaction  is  not  seen  after  the  addition  of  sulphuric  acid  alone,  but 
requires  the  addition  of  a  nitrite  in  order  to  bring  about  the  change 
in  color,  which  is  less  intense  than  is  usually  seen  with  the  colon  bacillus. 

Pathogen KSis. — Our  ex])eriments  have  been  confined  to  guinea-pigs, 
rabbits  and  dogs. 
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Guinea-pigs,  {a)  Siihcutaneoiis  Inoculaiiou. — Sternberg  found  tliat 
this  baeillus  was  pathogenic  for  guinea-pigs  when  injected  into  the  cavity 
of  tlie  abdomen  in  doses  of  2  to  3  cc.  of  a  culture  in  agna  coco,  but  that 
tlie  sid)cutaneous  injection  of  0.5  to  1  cc.  gave  negative  results  in  11  out 
of  13  guinea-pigs  inoculated.  Two  died  within  24  hours. 

The  fact  that  tlie  animals  were  not  kept  under  observation  longer  than 
one  week  will  probably  account  for  the  failure  to  record  a  larger  number 
of  deaths  from  the  subcutaneous  injection  of  Jlacillus  X,  since  we  have 
found  that  this  baeillus  when  injected  subcutaneously  in  cpiantities  vary¬ 
ing  from  1  ec.  to  5  ce.  of  a  24-hour  bouillon  culture,  is  almost  always 
pathogenic  for  guinea-pigs. 

The  animals  for  a  few  days  following  the  injection  may  appear  (piiet 
and  lefnse  food,  which  is  frequently  the  case;  or  they  may  exhibit  no 
symptom  of  illness.  Although  the  guinea-])igs  do  not  appear  to  be  sick, 
carefully  recorded  observations  show  that  there  is  a  steady  loss  of  weight. 
The  period  within  which  the  animals  die,  however,  is  a  very  uncertain 
one,  varying  from  1  to  7  weeks.  Exceptionally,  a  guinea-pig  has  sur- 
vAed  the  subcutaneous  injection  of  1  to  2  cc.  of  llacillus  X. 

We  give  brief  ])rotocols  of  some  of  our  experiments: 

Exp.  /. — duly  1(),  1897.  Guinea-pig  Xo.  315;  weight  300  grammes. 
Injected  subcutaneously  with  2  cc.  of  a  24-hour  bouillon  culture  of 
Bacillus  X  (original).  Death  after  7  da3’s.  Site  of  inoculation  marked 
b}''  necrosis  of  skin,  2-^xl-J-  inches.  Subcidaneous  tissues  moist  and  in¬ 
jected.  Inguinal  lymph  glands  enlarged  and  ])ale.  Liver  congested, 
mai kings  indistinct.  Spleen  small,  ])alc.  Kidneys  swollen  and  injected. 
Adrenals  enlarged  and  hyperaeniic.  Dlucous  membrane  of  small  intestine 
congested.  Cultures  from  blood,  liver  and  urine  positive,  a  few  colonies 
of  Bacillus  X  being  obtained  from  each  of  these  sources.  Cultures  from 
bile,  s])leen  and  kidney  negative. 

E.rp.  IV. — August  9, 1897.  Guinea-pig  Xo.  348;  weight  377  grammes. 
Injected  subcutaneously  with  4  cc.  of  a  24-hour  bouillon  culture  from 
liver  of  dog  Xo.  347.  Death  after  37  days.  Animal  emaciated.  Axil¬ 
lary  and  inguinal  glands  enlarged.  Parietal  peritoneum  injected.  Liver 
congested.  Spleen  normal.  Kidneys  and  adrenals  enlarged  and  hy- 
peraemic.  Lungs  deeply  congested.  Stomach  contains  a  small  ([uantity 
of  mucoid,  blood-stained  material;  mucous  membrane  generally  injected. 
Mucous  membrane  of  small  intestine  deeply  congested  throughout.  Large 
intestine  and  appendix  normal.  Cultures  from  blood,  spleen,  liver, 
kidney,  bile  and  urine  fill  negative. 

After  repeated  passage  through  the  peritoneal  cavity  of  guinea-pigs, 
the  vindence  of  the  original  culture  of  this  bacillus  was  perceptibly  in- 
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ereased,  so  that  death  most  often  oeeurred  within  8  to  5)  days  after  the 
suhcutaneons  injection  of  1  ec.  of  a  34-honr  houillon  culture.  In  order, 
however,  to  bring  about  a  fatal  result  in  less  time  it  was  necessary  to 
inject  a  larger  quantity  of  this  more  virulent  culture. 

When  death  has  occurred  within  3  to  7  days,  Bacillus  X  has  been  recov¬ 
ered  from  the  site  of  inoculation  in  large  numbers,  and  in  fewer  numbers 
from  the  blood  and  internal  organs  as  well  as  from  the  urine  and  bile. 
From  guinea-pigs  that  have  survived  longer  than  8  days  we  have  failed 
to  recover  this  bacillus  in  culture,  except  in  one  instance  where  death 
occurred  on  the  2Gth  day  after  injection.  In  this  case  cultures  from  the 
liver  and  bile  only  were  i)Ositive. 

(fc)  Inlraperitoueal  Inoculation. — We  have  found  Bacillus  X  to  pos¬ 
sess  more  marked  pathogenic  action  for  gninca-pigs  when  injected  into 
the  peritoneal  cavity.  While  the  original  lloagland  culture,  injected  by 
this  method  in  doses  of  1  to  5  cc.,  did  not  produce  death  until  after  con¬ 
siderable  intervals,  cultures  recently  obtained  from  animals  sufficed  to 
bring  about  a  fatal  result  at  shorter  periods.  As  a  rule,  death  occurs 
within  21  hours  in  medium-sized  guinea-pigs  injected  intraperitoneally 
with  1  cc.  of  the  more  virulent  cultures.  The  animal  is  profoundly 
affected  within  a  few  hours  after  the  injection,  remains  quiet,  and  dies 
at  intervals  varying  from  10  to  2-1  hours.  At  autopsy  there  are  found 
serofibrinous  ])eritonifis  and  marked  congestion  of  the  abdominal  viscera. 

Exceiitionally,  this  quantity  of  virulent  culture  has  failed  to  produce 
death  in  guinea-pigs  weighing  500  grammes  until  after  a  period  of  3  or 
more  weeks. 

From  animals  that  have  resisted  tlie  peritoneal  injection  longer  than 
8  days,  we  have  generally  failed  to  obtain  the  bacillus  in  culture. 
From  those  dying  within  shorter  intervals,  and  especially  within  21  hours, 
the  organism  has  been  recovered  in  pnre  culture  from  the  blood,  liver, 
spleen,  kidney,  bile,  urine  and  abdominal  cavity.  The  number  of  colo¬ 
nics  has  been  more  abundant  from  the  abdominal  cavity  than  from  other 
sources;  hence,  although  the  blood  and  internal  organs  mfiy  be  invaded 
by  Bacillus  X  in  animals  that  are  overwhelmed  with  large  doses,  our 
ex]iorienco  has  shown  that  where  life  is  more  prolonged,  the  number  of 
bacilli  undergoes  raind  reduction  in  the  abdominal  cavity  as  well  as  in  the 
blood  and  organs. 

Our  observations  have  led  us  to  believe,  therefore,  that  Bacillus  X  does 
not  multiply  to  any  considerable  extent  in  the  bodies  of  inoculated 
guinea-pigs,  but  that  death  is  brought  about  sooner  or  later  by  the  action 
of  its  toxic  products.  To  this  we  shall  again  recur. 

Eahbils.  Sternberg  observed  that  Bacillus  X.  when  injected  into  the 
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cavity  of  the  abdomen  in  doses  of  1  to  10  cc.,  was  quite  pathogenic  for 
rabbits,  the  animal  frequently  dying  within  a  few  hours.  This  applied  to 

TABLE  I. 

Rabbits  Inoculated  with  Bacillus  X. 


Weight  inj 
grammes.  | 

Method. 

Quantity. 

Result. 

Lesions. 

Cultures. 

1 

1  043 

1 

:  1 
i 

' 

Subcu- 

;aiieous. 

3  cc.  34- 

hour 

culture. 

Death 

after 

3  days. 

Abscess  at  site  of 
inoculation ; 
lymph  glands 
enlarged;  liver 
engorged  ;  spleen 
slightly  enlarged ; 
kidneys  congested ; 
adrenals  normal ; 
mucosa  of  upper 
part  of  small 
intestine  congested. 

Wound:  numerous 
colonies.  Spleen 
and  urine :  few 
colonies.  Blood, 
liver,  bile,  and 
kidney  negative. 

2  !  1040 

Subcu¬ 

taneous. 

5  cc.  34- 

hour 

culture. 

Death 

after 

3  days. 

Same  lesions  as  noted 
above. 

Cultures  from 
wound  and  urine 
positive;  other 
sources  negative. 

3  600 

Abdom¬ 

inal 

cavity. 

5  cc.  24- 

hour 

culture. 

Death 

after 

25  hours. 

General  serofibrinous 
peritonitis ; 
punctate 

hicmorrhages  over 
small  and  large 
intestines;  liver 
engorged;  spleen 
small ;  kidneys 
congested;  thymus 
gland  much 
enlarged. 

Cultures  positive. 

4  1  52.5 

Abdom¬ 

inal 

cavity. 

3  cc.  34- 

hour 

culture. 

Death 

after 

11  days. 

Animal  emaciated;  no 
peritonitis;  liver 
congested ;  spleen 
small;  intestine 
normal. 

Cultures  negative. 

5  537 

Intra- 

veuous. 

3  cc.  24- 

bour 

culture. 

! 

Death 

after 

7  days. 

Rabbit  emaciated ; 

liver  and  kidneys 

1  congested ;  spleen 
small;  increased 
fluid  contents  in 
small  intestine,  its 
mucosa  slightly 
injected. 

Cultures  negative. 

cultures  recently  isolated  from  yellow-fever  cadavers.  Of  27  animals 
inoculated,  only  3  recovered.  Subcutaneous  and  intravenous  inocula¬ 
tions  with  small  doses  (2  to  4  minims)  of  a  fluid  culture  were  negative. 
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One  cc.  of  an  agna  coco  culture,  subcutaneously,  was  fatal  at  the  end 
of  30  hours.  He  concludes  that  the  negative  results  obtained  by  sub¬ 
cutaneous  and  intravenous  inoculations  show  that  Bacillus  X  does  not 
induce  septica-mia  in  the  rabbit,  and  the  fatal  result  of  intraperitoneal 
injections  is  due  rather  to  its  toxic  products  than  to  invasion  of  the 
blood.  Direct  examination  of  the  blood  of  rabbits  which  had  snc- 
cuinbed  within  a  few  hours,  showed  very  small  numbers  of  the  bacilli. 
Xo  enlargement  of  the  spleen  was  fonnd. 

We  have  found  this  bacillus  pathogenic  for  rabbits  in  quantities  of  1 
to  5  cc.,  whether  injected  subcutaneously,  into  the  eavity  of  the  abdomen, 
or  intravenously. 

The  results  of  the  inoculation  of  rabbits  with  this  bacillus  are  shown 
in  Table  T. 

The  intervals  within  which  rabbits  have  died  after  the  subcutaneous 
inoculation  of  Bacillus  X  have  varied  considerably.  In  some  cases  the 
animals  have  survived  from  16  to  43  days.  In  a  few  experiments  the 
only  effect  has  been  the  local  formation  of  pus  at  the  site  of  inoculation. 
The  result  of  cultures  would  indicate  that  this  bacillus,  when  inoculated 
subcr;taneoi;sly  in  rabbits,  shows  little  tendency  to  invade  the  blood. 
While  large  quantities  (5  cc.)  injected  into  the  abdominal  cavity  generally 
cause  a  fatal  peritonitis  and  death  within  24  hours,  smaller  quantities  (1 
to  2  cc.)  do  not  bring  about  a  fatal  result  until  after  a  considerable  in¬ 
terval  (1  to  3  weeks).  Cultures  from  animals  that  have  survived  longer 
than  one  Aveek  have  generally  proved  sterile.  In  a  few  young  rabbits 
inoculated  intravenously,  death  has  occurred  within  36  to  43  hours  Avith 
positive  cultures  fi’om  blood  and  organs;  Avbile  in  older  animals  a  fatal 
result  has  generally  been  brought  about  after  the  lapse  of  from  12  to  20 
days  Avith  negative  cultnres  from  all  sources.  In  all  chronic  cases 
emaciation  has  been  a  prominent  feature. 

The  l  esults  of  the  inoculation  of  rabbits  Avith  Bacillus  X  indicate  that, 
as  Avith  the  guinea-]ug,  this  organism  does  not  multiply  to  any  extent  in 
the  blood,  but  that  death  is  brought  about  by  toxajmia.  This  conclusion 
is  su])portod  by  the  results  obtained  by  tbe  inoculation  of  rabbits  and 
gAiinea-pigs  Avith  filtrates  from  cultures  of  Bacillus  X  groAvn  for  a  period 
of  40  days  at  thermostat  temperature.  The  results  are  briefly  recorded  in 
4’able  II. 

Aside  from  a  small  quantity  of  blood-stained  sernm  in  the  abdominal 
cavity,  no  post-mortem  lesion  Avas  noted.  Those  ex})eriments  serA-e  to 
shoAv  that  death  may  be  rapidly  ])roduced  in  guinea-pigs  and  rabbits  by 
the  toxic  substances  contained  in  old  filtered  cAiltures  of  Bacilhis  X. 

Doffs. — Our  experiments  Avith  those  animals  have  been  confined  to  the 
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intravenous  injection  of  Bacillus  X,  and  were  made  for  the  purpose  of 
comparing  the  results  with  those  obtained  by  the  intravenous  inoculation 
of  Bacillus  icteroides  in  dogs.  We  have  inocidated  by  this  method  11 
di)gs.  of  which  number  G  have  died  and  5  recovered.  We  submit  pro¬ 
tocols  of  a  few  of  these  experiments. 


TAHLE  II. 

Guine.v-i'igs  AM)  IIaisiuts  Inmected  with  Filtkates  eko.m  Cultuues  oe 
n AC  ILEUS  X. 


Animal. 

Wcifrht. 
in  grraiumes. 

Quantits". 

Methotl. 

Result. 

Cultures. 

Guiiiea-piff. 

arc 

5  cc. 

Abdominal 

cavity. 

Death  after 

7  hours. 

Sterile. 

Guiiiea-pii^. 

20!! 

5  cc. 

Abdominal 

cavity. 

Death  after 

12  hours. 

Sterile. 

Guinea-pijf 

(itiS 

5  cc. 

Subcutaneous. 

Death  after 

15  days. 

Sterile. 

Guinea-piff. 

012 

5  cc. 

Subcutaneous. 

Recovery. 

Hal)bit. 

48.5 

10  cc. 

Abdominal 

cavity. 

Death  after 

10  hours. 

Sterile. 

Rabbit. 

.580 

15  cc. 

Abdominal 

cavity. 

Death  after 

85  hours. 

Sterile. 

Ratibit. 

840 

20  cc. 

Abdominal 

cavity. 

Recovery. 

Exp.  I. — July  IG,  1897,  11.30  A.  ]\I.  Dog  No.  318;  weight  13  lbs. 
Inoculated  into  ear  vein  with  10  cc.  of  a  24-hour  1  ])er  cent  glucose 
bouillon  culture  of  Bacillus  X  (original).  When  returned  to  its  cage,  the 
dog  appeared  dejected  and  sick.  1  B.  IM.,  animal  drowsy;  vomited  freely 
at  this  hour.  2.30  B.  ]\[.,  again  vomited  a  frothy  mucous  fluid.  July  17, 
9  A.  M.,  dog  quiet,  rectal  temperature  101°  B.  During  the  day  became 
brighter  and  took  its  food.  Recovered. 

Exp.  II. — July  23,  1897,  1.20  B.  J\r.  Young  dog  No.  327;  weight  13 
lbs.  Injected  into  the  ear-vein  with  5  ec.  of  a  24-hour  glucose  bouillon 
cidture  of  Bacillus  X  from  blood  of  rabbit  No.  314.  Lively,  active  dog. 
At  1.3r)  B.  i\I.  animal  appears  quite  sick,  is  lying  on  its  side;  does  not 
respond  to  the  voice.  2.05  B.  ]\I.,  vomits  freely  partly  digested  food,  fol¬ 
lowed  liy  fluid  action  from  the  bowels  with  tenesmus.  2.23  B.  INI.,  small, 
brown,  watery  stool;  this  repeated  after  a  sliort  interval  with  marked 
tenesinns.  2.51  B.  ]\r.  and  3.05  B.  !M..  vomits  with  much  effort  a  small 
f|uantity  of  grayish  frothy  fluid  mixed  M'ith  mueus.  3.30  B.  !M.,  again 
vomits.  4  B.  M.,  dog  lies  on  its  side  with  extremities  extended;  tem¬ 
perature  at  this  hour  104.1°  F.  Temperature  previous  to  injection  101° 
F.  Death  G  B.  M.,  28^  hours  after  the  inoculation. 

Autopsy. — Thorax;  Thymus  gland  large,  dark  red  in  color,  with  few 
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small  hcemoiTliagic  areas  on  surface.  Mediastinal  glands  swollen,  of  a 
dark-rod  color.  Eotli  lavors  of  pericardium  injected.  Small  liajmor- 
rliagic  area  over  right  auricle,  which  is  distended  with  hlood;  left  auricle 
empty.  Eight  ventricle  distended;  left  ventricle  contracted;  numerous 
ha?morrhagie  areas  heneath  endocardium  in  tliis  ventricle;  valves  normal. 
Myocardium  ])ale  red.  Both  lungs  congested;  lower  lohe  of  right  lung 
cedeinatous.  On  cut  section,  reddish  serous  fluid  exudes  freely.  Small 
hseniori'hagic  areas  under  the  visceral  pleura  over  the  lower  lohe  right 
lung. 

Abdomen:  Omentum  injected.  Xumerous  small  haunorrhages  under 
serous  coat  of  small  intestine.  Liver  mottled,  pale  and  red;  light  areas 
most  extensive;  outlines  of  lohules  distinct;  central  veins  a])pear  injected; 
peripheries  of  lolndes  of  pale,  yellowisli  color.  Spleen  enlarged,  dark 
red,  firm.  Adrenals,  small,  pale.  (Jall-hladder  moderately  full  of  dark 
brownish  bile.  Kidneys  enlarged;  cortex  swollen,  pale;  pyramids  in¬ 
jected.  Stomach  contains  small  rpiantity  of  hile-stained  fluid;  mucous 
membrane  over  greater  curvature  dark  red  in  color;  injection  uniform. 
Small  intestine,  duodenum  and  u])per  ])art  of  jejuuum  contain  consid¬ 
erable  quantity  of  soft,  black,  tarry  material;  mucous  membrane  pale 
throughout.  Beyers  ])atches  not  swollen.  Beginning  at  the  ileocoecal 
valve  and  extending  to  anus  the  ruga?  of  mucous  membrane  of  large  intes¬ 
tine  are  the  seat  of  marked  haunorrhages  wliich  extend  into  the  suh- 
mucosa.  Small  (piantity  of  fluid  hlood  in  the  large  intestine.  Bladder 
contracted;  contains  about  4  cc.  of  albuminous  urine. 

Cultures  from  the  hlood,  liver  and  spleen  give  numerous  colonies  of 
Bacillus  X;  urine  and  bile  negative. 

Exp.  TTT. — August  0,  1897.  Bog.  weight  10  Ihs.  Injected  at  2.15 
P.  M.  with  13  cc.  of  a  72-hour  2  ])er  cent  lactose  bouillon  culture  of 
Bacillus  X  from  rabbit  Xo.  338.  3.05  P.  i\r.,  animal  restless;  vomits  ])ar- 
tially  digested  food  with  much  retching;  3.15  again  vomits,  followed  by 
watery  stool  mixed  with  mucus;  considerable  tenesmus;  4  P.  ^f..  rectal 
tem])eralure  90.4°  F.  Before  the  injection,  temperature  101°  F.  Found 
dead  the  following  morning  at  8  o’clock,  less  than  18  hours  after  inocu¬ 
lation. 

Atilop.cji. — Thorax:  Lungs  slightly  injected.  Several  small  haemor¬ 
rhagic  areas  heneath  ])leural  surface  of  u])per  lohe  of  right  lung.  Sub¬ 
endocardial  haunorrhages  in  the  left  ventricle. 

Abdomen:  Liver  of  a  pale,  grayish  color;  cut  surface  dry,  markings 
indistinct.  Sjdeen  slightly  enlarged,  dark  red,  soft.  Kidneys  swollen; 
on  cut  section  injected  throughout.  Stoinaeh  contains  about  200  cc. 
of  fluid  blood,  mucous  membrane  dark  red  throughout,  ^luch  fluid 
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blood  ill  both  small  ami  large  intestine.  Mucous  ineinbrane  of  small  in¬ 
testine  swollen,  dark  red  in  color.  Less  injection  in  the  large  intestine. 
Bladder  contracted,  em])ty. 

Cultures  from  the  blood,  liver,  spleen  and  urine  positive;  bile  and  kid¬ 
ney  negative. 

In  another  experiment  with  a  young  dog,  weight  7^  lbs.,  injected  into 
the  ear-vein  with  3  cc.  of  a  24-bour  bonillon  culture  from  dog  347,  death 
occurred  after  11  hours,  with  intense  hannorrhagic  gastro-enteritis. 

Four  of  our  dogs  have  died  from  a  single  injection  of  Bacillus  X,  one 
after  a  second  injection  and  one  after  repeated  injections. 

The  clinical  picture  has  been  the  same  in  all  of  the  dogs  injected, 
namely,  vomiting,  increased  action  of  the  bowels  with  rectal  tenesmus 
and  marked  prostration.  Xo  after  effects  have  been  observed  in  dogs 
that  have  recovered,  the  animals  appearing  to  regain  their  appetite  and 
strength  within  two  or  three  days. 

Lesioxs.  (a)  Macroscopic. — We  have  already  sufficiently  indicated,  in 
the  foregoing  protocols,  the  gross  lesions  to  be  seen  at  autopsy  in  ani¬ 
mals  inocidated  with  Bacillus  X.  Briefly  recapitulating  these,  we  may 
say  that  in  guinea-pigs  the  lesions  are  injection  of  the  subcutaneous  ves¬ 
sels  at  the  site  of  inoculation,  or  sometimes  local  abscess  or  sloughing  of 
the  skin;  enlargement  of  the  inguinal  and  axillary  lymph-glands;  injec¬ 
tion  of  the  jiarietal  peritoneum  and  of  the  mucous  memhraue  of  the 
stomach  and  small  intestine;  congestion  of  the  lungs,  and,  as  a  rule,  en¬ 
gorgement  of  the  liver  and  kidneys.  ITyjierasmi^  swelling  of  the  adrenals 
has  ahvays  been  present.  The  spleen  is  generally  small,  pale  and  firm, 
although  occasionally  slightly  enlarged  and  dark  in  color. 

In  the  rabbit,  aside  from  local  abscess-formation  at  the  site  of  inocula¬ 
tion  and  swelling  of  the  lymidi-glands,  the  most  ])romincnt  and  constant 
post-mortem  finding  has  been  congestion  and  swelling  of  the  mucous 
membrane  of  the  small  intestine,  accompanied  by  increase  in  the  fluid 
contents  of  the  small  l)owel,  and  sometimes  with  areas  of  haemorrhage 
beneath  its  serous  coat. 

lu  animals  dying  within  a  short  interval  following  the  inoculation, 
the  liver  and  kidneys  have  been  congested,  while  the  spleen  has  been 
small  or  only  slightly  enlarged.  Enlargement  of  the  thymus  gland  has 
occasionally  been  noted. 

In  both  guinca-])igs  and  rabbits,  intraperitoneal  inoculation  has 
usually  been  followed  by  a  serofibrinous  ]ioritouitis. 

In  dogs  the  haemorrhagic  lesions  have  hecn  much  more  pronounced 
than  in  the  rabbit  or  guinea-])ig.  These  have  consisted  of  numerous 
small  haemorrhages  beneath  the  endocardium,  under  the  visceral  layer 
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of  the  pleura  and  scattered  over  the  surface  of  the  small  intestine.  In 
addition,  intense  engorgement  of  the  mucous  membrane  of  the  stomach 
and  small  intestine,  with  frank  haemorrhage  into  the  lumen  of  these 
viscera  has  occurred  in  several  cases.  In  one  instance  this  congestion 
with  haemorrhage  into  the  submucosa  was  confined  almost  entirely  to 
the  large  intestine.  Haemorrhagic  areas  involving  the  vesical  mucous 
membrane  have  also  been  noted  in  dogs.  The  liver  has  been  pale,  or 
mottled  yellow  and  red,  while  the  kidneys  have  been  swollen  and  in¬ 
jected.  The  spleen  has  been  slightly  enlarged  and  soft,  or  small  and 
firm;  the  adrenals  pale  and  small. 

{b)  Microscopic. — I'or  the  purpose  of  microscopic  examination,  tissues 
Lave  been  hardened  in  absolute  alcohol,  5  per  cent  formalin,  Orth's 
fiuid  and  Flemming’s  osmic  solution.  Also  fresh  frozen  sections  of  the 
several  organs  have  been  examined  in  normal  salt  solution  for  the  pur- 
])ose  of  detecting  any  fatty  change. 

As  tbe  result  of  carefid  microscopic  examination,  there  are  few 
lesions  to  record  in  the  guinea-pig  and  rabbit.  Xo  changes  from  the 
normal  have  been  found  in  the  spleen.  Sections  of  the  lymph-glands 
and  of  tbe  adrenals  in  guinea-pigs  show  marked  dilatation  of  the  blood¬ 
vessels  of  both  cortex  and  medullary  portion.  Xo  finer  lesions  have 
been  discovered  in  these  structures.  The  same  engorgement  of  the 
lymph-nodes  has  been  observed  in  the  rabbit,  whereas  the  adrenals  have 
shown  no  change.  As  in  other  acute  intoxications,  moderate  granular 
and  fatty  degenerations  have  been  seen  in  the  hepatic  cells,  but  in  this 
organ  the  most  prominent  feature  has  consisted  in  engorgement  of  the 
intralobular  capillaries.  In  some  instances  this  dilatation  of  the  capil¬ 
laries  has  been  so  great  as  to  lead  to  com])ression  and  narrowing  of  inter¬ 
vening  rows  of  cells.  Circumscribed  haemorrhages  in  the  liver  have  also 
been  observed.  Small  foci  of  coagulative  necrosis  were  found  in  the  liver 
of  one  rabbit  that  died  on  the  20th  day  after  intravenous  injection. 
These  areas  of  necrotic  cells  were  small,  few  in  number,  and  situated 
within  the  lobules.  Xo  changes  in  the  kidney  have  been  observed  save 
dilatation  of  the  blood-vessels  and  cloudy  swelling  of  the  secreting 
epithelium  in  acute  cases. 

In  dogs  that  have  died  within  a  short  time  after  intravenous  injection 
(11  to  13  houns)  no  lesions  were  observed  in  sections  of  the  liver  other 
than  granular  degeneration  of  the  cells,  but  in  animals  that  have  died 
after  longer  intervals  (28i  hours  to  3^  days),  in  addition  to  some  fatty 
degeneration  there  is  ])resent  extensive  coagulative  necrosis  of  the 
hepatic  cells.  Tbe  distribution  of  the  necrotic  areas,  as  in  other  acute 
infections,  is  quite  A^ariable.  While  some  of  these  are  situated  about  the 
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central  A^ein,  involving  part  or  the  entire  circumference  of  the  latter, 
other  foci  are  located  within  the  lobules.  At  times  an  entire  lobule  is 
included  in  the  necrosis;  again,  parts  of  adjacent  lobules.  Within  these 
areas  the  liver-eelis  staiii  brightly  Avith  eosin  and  appear  as  swollen, 
cpiite  refractive  bodies,  some  of  them  containing  minute  fat-drops.  No 
nucleus  can  be  seen  in  many  of  these  colls,  or  it  }nay  appear  as  a  pale 
shadow,  or  much  contracted  and  staining  deeply  with  haematoxylin.  In 
some  of  the  cells  the  nucleus  has  undergone  fragmentation.  Within 
the  capillaries  of  the  affected  area,  a  few  small  cells  with  round,  nor¬ 
mally  staining  nuclei  arc  to  be  seen.  The  number  of  leucocytes  within 
the  capillaries  does  not  a])pear  to  be  increased,  and  there  is  an  entire 
absence  of  any  invasion  of  the  necrotic  foci  by  these  cells.  Necroses  of 
single  cells  were  also  observed  in  sections  of  tbc  dog's  liver.  The 
changes  in  the  kidney  were  limited  to  parenebymatous  degeneration  of 
the  secreting  epithelium.  The  gross  lesion  in  the  intestine  of  the  dog 
consisted  of  swelling  and  intense  injection  of  the  mucous  membrane 
with  h.Tmorrhages.  The  microsco])ical  changes  were  confined  to  a  rather 
free  desquamation  of  the  e])ithelium  covering  the  villi  and  that  lining 
Lieberkiihn’s  follicles,  and  marked  dilatation  of  the  blood-vessels  of  the 
mucosa  and  submueosa.  Small  hemorrhages  into  the  superficial  layer 
of  the  submucosa  Avere  also  observed. 

Eeferring  to  the  gross  lesions  found  in  guinea-pigs  and  rabbits  that 
liaA-e  died  after  inoculation  Avith  Bacillus  X,  it  Avill  be  seen  that  these 
agree  Avith  the  appearances  found  by  Escherich,’  Eminericb.*  Blacbstein,'' 
and  other  observers  Avho  haA’C  inoculated  these  animals  Avith  bacilli  be¬ 
longing  to  the  colon  grou]).  The  A'arying  length  of  time  during  AA’hich 
the  animals  liaA^e  lived  after  receiving  the  inoculation  and  the  negative 
result  of  cultures  in  those  that  have  survived  for  considerable  ])eriods, 
also  agree  in  the  main  Avith  our  results. 

We  have  not  been  able  to  find  in  the  literature  any  reference  to  the 
intravenous  injection  of  dogs  Avith  a  membm-  of  the  colon  grouji.  Em¬ 
merich,  hoAA'ever,  observed  in  dogs  that  Avere  injected  subcutaneously 
Avitb  considerable  quantities  of  bis  Bacillus  Nea])olitanus,  repeated  A'om- 
iting,  profuse  diarrluea  and  iirostration.  Death  occurred  in  one  of  three 
thus  inoculated,  Avith  ulceration  of  the  mucous  membrane  of  the  small 
intestine  and  enlargement  of  the  solitary  follicles. 

For  the  purpose  of  conpiarative  cxiieriment,  Ave  have  inocidated  one 

•'.Arbeiteii  ans  deni  patliologisehen  Tnstitut  xn  .Aliinchen,  ji.  (!S.  Stuttgart,  1S80. 

■*  I'litersuchungen  iiber  die  I’ilze  der  Cliolera  asiatica.  Arch.  f.  ITijuioit,  ISS.'),  iii, 

p.  31  a. 

liidhthi  of  the  .Tohiix  HopkUm  HonpitaJ.,  1801,  ii,  j).  0(i. 
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dog  intravenously  with  5  cc.  of  a  4-hour  plain  houillon  culture  of 
Bacillus  coli  communis,  recent ly  isolated  from  the  abdominal  cavity  of 
a  patient  who  had  died  from  general  peritonitis.  The  clinical  symptoms 
observed  in  this  dog  corresponded  to  those  seen  in  dogs  injected  with 
Bacillus  X,  namely,  repeated  vomiting,  increased  action  of  the  bowels 
with  rectal  tenesmus,  prostration  and  rise  of  temperature.  This  animal, 
although  apparently  quite  sick  for  two  days,  made  a  good  recovery. 

That  Bacillus  X,  after  cultivatiou  on  artificial  media  for  about  seven 
years  was  still  virulent  for  the  smaller  animals,  a])peared  to  us  as  hardly 
to  be  expected  in  a  member  of  the  colon  group.  It  seems,  however,  that 
tills  retention  of  virulence  has  been  shown  by  certain  colon  bacteria 
which  have  been  kept  in  cultivation  for  even  longer  periods.  Thus 
Xovy  °  found  that  1  cc.  of  a  24-hour  houillon  culture  of  Emmerich’s 
bacillus  which  had  been  cultivated  on  artificial  media  for  a  period  of  10 
years  would  bring  about  death  within  18  hours  when  injected  into  the 
abdominal  cavity  of  the  guinea-pig. 

Tic'calling  the  important  biological  characters  of  Bacillus  X,  viz., 
the  slight  motility  observed  in  recently  isolated  cultures;  the  appear¬ 
ance  of  colonies  in  gelatine;  the  coagulation  of  milk;  the  fermentation 
of  glucose,  lactose  and  saccharose;  the  production  of  indol  and  its 
decolorization  by  Gram’s  method,  we  think  that  these,  together  with 
the  results  obtained  from  animal  experimentation,  are  sufficiently 
distinctive  to  warrant  us  in  jdacing  this  bacillus  in  the  colon  group. 

II. 

nAClI.LUS  ICTKltOlDKS  AXl)  TIIK  IlOG-CIIOUKKA  U.VCILLUS. 

The  culture  of  Bacillus  icteroides  with  which  we  have  made  the  ma¬ 
jority  of  our  experimental  observations,  was  obtained  by  Dr.  Sternberg 
from  the  laboratory  of  Professor  Boux.  in  Paris.  When  received  by  us, 
it  bore  the  label  of  the  Laboratory  (jf  Hygiene  of  the  University  of 
Alontevideo.  This  culture  we  have  transplanted  from  time  to  time  on 
agar-agar,  and  have  labeled  it  Bacillus  icteroides,  original.” 

We  have  also  received,  through  the  courtesy  of  Dr.  A.  Agramonte, 
Acting  Assistant  Surgeon,  IT.  S.  Army,  two  cultures  of  Bacillus  icter¬ 
oides,  one  of  which  was  isolated  from  the  cadaver  of  Private  Patrick 
Smith,  8th  U.  S.  Infantry,  who  died  in  Havana,  and  concerning  the 


*■  The  Etioloiry  of  Yellow  Fever.  Mtilind  Nen'n,  ISOS,  Ixxiii,  p.  SllO. 
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diagnosis  of  whose  case  there  was  much  uncertainty  on  the  part  of  his 
medical  attendants;  the  other,  from  a  yellow-fever  cadaver  at  Santiago, 
Cuba.  Tliese  latter  cnltnres  we  have  designated  “  Bacillus  icteroides, 
Havana,”  and  “  Bacillus  icteroides,  Santiago,”  respectively. 

The  cnltnres  of  the  hog-cholera  bacillus  with  which  we  have  made 
comparative  observations,  were  obtained  from  the  Bureau  of  Animal 
Industry,  Washington,  D.  C.,  throi;gh  the  courtesy  of  Dr.  E.  A.  de 
Schweinitz,  and  from  the  Pathological  Laboratory  of  the  Johns  Hopkins 
University,  through  the  kindness  of  Dr.  Harvey  Cushing.  These  cul¬ 
tures  we  have  designated  “  Hog-cholera  No.  1,”  and  “  Hog-cholera  No. 
2,”  respectively. 

Comparison  of  Hie  Characters  of  Bacillus  Icteroides  and  the  Tlog-cholera 

Bacillus. 

Each  of  these  organisms  is  a  facultative  anaerobic  bacillus  which  de¬ 
colorizes  by  Gram’s  method,  and  does  not  liquefy  gelatine. 

Morphology. — According  to  Sanarelli,'  B.  icteroides  appears  as  short 
rods,  with  rounded  extremities,  generally  united  in  pairs,  from  2  to  4/^.  in 
length  and,  as  a  rule,  twice  as  long  as  broad.  Salmon  and  Smith  “  de¬ 
scribe  the  hog-cholera  bacillus  as  consisting  of  short  rods,  round  at  the 
ends,  chiefly  in  pairs,  measuring  from  1.2  to  1.8 //in  length  by  0.6//  in 
breadth.  The  size  of  each  of  these  bacilli,  however,  varies  much  accord¬ 
ing  to  the  particular  medium  on  which  it  is  grown.  In  cultures  on 
potato,  much  longer  and  thicker  forms  are  shown  by  both. 

Motility. — Both  of  those  bacilli  show  very  active  movements. 

Sanarclli  gives  the  number  of  flagella  for  B.  icteroides  as  4  to  8. 
Hoore,"  who  carefully  studied  the  flagella  of  the  hog-cholera  bacillus, 
from  a  large  niimber  of  counts  places  tbe  average  number  of  flagella  as 
3.3;  the  majority  of  the  flagellate  forms  showed  3  to  6  flagella;  some  as 
many  as  8  to  11  flagella. 

Bouillon. — We  have  noticed  no  difference  in  the  growths  of  B.  icter- 
oidcs  and  of  the  hog-cholera  bacillus  in  flesh-peptone  bouillon.  This 
medium  is  only  moderately  clouded  by  both  of  these  bacilli.  No  sitrface 
pellicle,  as  a  rule,  is  to  be  seen.  In  old  bouillon  cultures  (2  to  3  weeks), 
an  api)rociable  dciiosit  may  be  observed  at  the  bottom  of  the  tubes. 

In  bouillon  to  which  glucose  or  lactose  has  been  added,  there  is  a  freer 
growth  of  both  of  those  bacilli,  with  the  formation  of  fine  gas  biibbles  at 
the  surface  of  the  glucose  bouillon. 


’  Etioloiria  e  ])ato};enesi  della  febbre  };ialla.  II  Polirlhiico,  1S97,  iv  -M.,  p.  3it7. 
s  lIoj/-cholera.  llureau  of  Animal  Industry,  AVasbiiiffton,  188!>,  p.  64. 
s  Wilder  Quarter-century  liook,  ]).  3:59.  Itbaea,  1893. 
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We  have  not  detected  any  definite  odor  in  cultures  of  these  bacilli. 

In  old  bouillon  cultures  of  B.  icteroides  and  of  the  hog-cholera  bacillus, 
many  long  rods  are  to  he  seen;  some  of  these  are  swollen  at  one  or  both 
ends  or  in  the  middle  (involution  forms). 

Gelatine. — In  stick  cultures  of  B.  icteroides  there  is  a  slow  growth  along 
the  entire  line  of  puncture  which  appears  as  a  delicate  white  line.  The 
surface  growth  is  seen  as  a  thin,  transparent  layer,  which  shows  little 
tendency  to  spread.  This  a])plies  to  cultures  of  B.  icteroides,  original, 
and  B.  icteroides,  Havana. 

This  growth  in  gelatine  characterizes  also  the  hog-cholera  bacillus, 
except  that  the  surface  growth  is  somewhat  thicker,  more  irregular  in 
outline,  and  shows  more  tendency  to  spread.  In  this  respect,  B.  icter¬ 
oides,  Santiago,  agrees  with  the  hog-cholera  bacillus. 

In  gelatine  plates,  after  24  hours  at  20°  C.,  the  colonies  of  B.  icteroides 
arc  invisible  to  the  naked  eye.  As  seen  under  the  low  power,  they  are 
round,  colorless  and  finely  granular.  In  crowded  plates,  some  of  the 
deep  colonies  without  increasing  much  in  size,  become  opaque  and  dark 
in  color,  appearing  as  round,  almost  black  masses;  others  show  a  slight 
radial  striation;  still  others  a  brownish  tinge.  Frequently  the  deep  colo¬ 
nies  present  a  dark  centre  surrounded  by  a  lighter  peripheral  zone.  Sur¬ 
face  colonies  show  little  tendency  to  spread.  Under  the  low  power,  they 
are  generally  circular  in  outline,  with  sharply  defined,  smooth  margin, 
although  the  latter  may  be  irregular  and  indented.  They  present,  as  a 
rule,  a  central  nucleus,  surroimded  by  a  colorless,  granular  zone  which 
extends  qiiite  to  the  margin  of  the  colony.  In  older  colonies  (4  to  10 
days),  the  margin  frequently  becomes  clearer  and  quite  refractive,  while 
the  central  part  takes  on  a  slight  yellowish  tinge, 

Tlie  colony  with  central  nucleus  surrounded  by  a  colorless,  granular 
zone,  with  or  without  narrow,  clear  margin,  may  be  taken  as  the  typical 
surface  colony  of  B.  icteroides. 

Surface  colonics  which  are  less  often  seen  show  a  delicate  radial  or 
undulating  striation  extending  from  the  central  portion  toward  the 
periphery  of  the  colony,  constituting  the  so-called  atypical  colony.  Some¬ 
times  this  striation  is  made  up  of  very  numerous  dark  lines  radiating 
from  the  centre  to  the  periphery  of  the  colony  and  giving  the  latter  an 
appearance  totally  unlike  the  ordinary  surface  colony.  Later  these 
colonics  may  lose  their  striation  entirely  and  show  no  distinctive  mark¬ 
ings.  To  the  naked  eye,  well-developed  surface  colonies,  by  reflected 
light,  are  round,  sharply  defined,  raised  and  glistening,  and  have  been 
aptly  compared  to  droplets  of  boiled  starch  or  mucus.  They  present  a 
delicate  bluish  translucence. 
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Both  the  deep  and  surface  colonies  of  the  hog-cholera  bacillus  in  gela¬ 
tine  plates  show  the  closest  resemblance  to  those  of  B.  icteroides,  the  rate 
of  growth  of-B.  icteroides,  original,  B.  icteroides,  Havana,  and  of  hog- 
cholera  Ho.  1  has  been  the  same;  that  is,  colonies  are  invisible  to  the  eye 
after  4  hours  at  20°  C.,  whereas  the  colonies  of  B.  icteroides,  Santiago, 
and  of  hog-cholera  Ho.  2,  can  just  be  distinguished  after  this  interval  as 
very  minute  white  points.  Under  the  low  power,  deep  colonies  of  the 
hog-cholera  bacillus  are  round,  colorless  and  finely  granular,  or  they 
may  show  a  slightly  broAvn  color.  With  age,  some  of  these  colonies  in 
the  depth  of  the  gelatine  take  on  a  dark  color,  and  sometimes  become 
(juite  black.  We  do  not  think  that  attention  has  heretofore  been  called 
to  this  darkening  of  deep  colonies  of  the  hog-cholera  bacillus  in  gelatine. 
Surface  colonies,  as  a  rule,  are  smooth  in  outline,  though  they  may  be 
irregular  and  present  the  appearances  already  described  for  typical  colo¬ 
nies  of  B.  icteroides. 

Colonies  Avith  undulating  striation  are  also  occasionally  seen.  We 
have  not  observed,  hoAvever,  in  gelatine  plates  of  the  hog-cholera 
bacillus,  those  atypical  surface  colonies  Avith  dark,  radial  striation"  such 
as  Ave  have  noted  for  B.  icteroides.  With  this  e.vception,  Ave  have  ob¬ 
served  no  differences  in  colonies  of  these  bacilli  in  gelatine  plates. 

Acid  Potato  Gelatine  [natural  acidity). — In  stab  and  slant  cultures 
there  is  a  feeble  development,  after  several  days,  all  along  the  line  of 
pAincture  or  stroke.  This  applies  to  our  several  cultiu’es  of  B.  icteroides 
and  the  hog-cholera  bacillus. 

Acid  Potato  Gelatine  with  1  per  cent  KI. — A  A’cry  scant  development 
also  occurs  in  this  medium  Avith  B.  icteroides  and  the  hog-cholera 
bacillus.  The  acidity  of  the  medium  used  Avas  such  that  2  cc.  of  a  deci- 
uormal  sodium  hydroxide  solution  Avere  required  to  render  10  ec.  neutral 
to  litmus. 

Agar-agar. — In  stroke  cultures  on  agar-slants  groAvn  at  35°  to  37°  C., 
B.  icteroides  forms  a  thin,  moist,  grayish-AA’hite  layer.  At  20°  to  22°  C., 
this  groAvth  is  somoAvhat  thicker  and  more  convex. 

The  groAvth  of  the  hog-cholera  bacillus  on  agar-slants  is  quite  similar 
to  that  of  B.  icteroides. 

Tlie  Sanarelli  bacillus  recently  obtained  from  cases  of  yelloAV  fever, 
Avhen  groAvn  as  isolated  colonies  on  agar-slants,  first  at  37°  C.,  for  12  to 

Since  tlie  above  was  written  we  liave  received  from  tlie  Bureau  of  Animal 
Industry  a  culture  of  tlie  lioir-cliolera  bacillus  recently  isolated  during:  an  epidemic 
of  hogj-cliolera  at  Fremont,  Nebraska,  wliicli  jrives  in  irelatine  plates  atyjiical  surface 
colonies  with  radial  striation  which  cannot  be  distinj^uished  from  colonies  of  Bacillus 
icteroides. 
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21  hours,  and  afterwards  at  20°  to  28°  C.,  will,  according  to  its  dis¬ 
coverer,  show  characteristic  colonies  which  serve  to  distinguish  it  from 
all  other  bacteria.  Under  these  conditions  the  colonies  show  two  dis¬ 
tinct  zones,  a  central,  flat,  transparent  area  surrounded  by  a  thick,  prom¬ 
inent  opaciue  zone,  giving  to  the  whole  colony  the  appearance  of  a  drop 
of  sealing-wax.”  As  the  colonies  grow  older,  the  external  opaque  zone 
becomes  more  transparent,  and  nearly  disappears,  while  the  central  part 
remains  as  an  ojiaque  body  embedded  in  it.  In  cultures,  however,  that 
have  been  repeatedly  ])assed  through  animals,  these  characteristic  colo¬ 
nies  are  less  often  seen.” 

Novy  ”  states  that  this  growth  of  the  Sanarelli  bacillus  is  always  to  be 
seen  in  isolated  colonies  groAvn  on  agar-slants,  first  at  39°  for  20  to  24 
hours,  and  afterward  at  1(5°  C.  According  to  the  same  author,  it  is  ini- 
])ortant  that  these  temperatures  should  be  observed,  and  that  the 
medium  should  be  distinctly  alkaline. 

In  our  experience,  tins  characteristic  appearance  of  colonies  of  B. 
icteroides  on  agar-slants  grown  as  suggested  by  Sanarelli  has  not  been 
constant.  In  our  earlier  experiments  it  was  present  in  about  30  per  cent 
of  the  cultures  taken  from  the  organs  of  inoculated  guinea-pigs,  rabbits 
and  dogs;  that  is  to  say,  a  few  isolated  colonies  in  a  tube  presented  this 
ty]ucal  ap]ioarance.  In  our  later  cultures  we  have  entirely  failed  to  ob¬ 
serve  it.  This  failure  to  obtain  the  characteristic  colony  on  agar-slants 
has  also  been  noted  by  P.  Foa  ”  and  by  de  Lacerda  and  Bamos.” 

The  ap]iearance  of  the  thin  central  area,  surrounded  by  a  thicker 
opaque  peripheral  zone,  is  not,  however,  peculiar  to  B.  icteroides,  since 
we  have  occasionally  observed  the  same  ajijiearance  in  isolated  colonies 
of  hog-cholera  No.  1  grown  on  agar-slants,  first  at  thermostat,  and  after- 
Avard  at  room  temperatures.  Wo  have  not  observed  any  disa]ipearance 
of  the  external  thicker  zone  in  colonies  of  the  hog-cholera  bacillus. 
Theobald  Smitb  has  already  described  and  illustrated  the  peculiar 
apjiearanee  of  concentric  zones  in  isolated  surface  colonies  of  the  hog- 
cholera  bacillus  groAvn  in  gelatine  Esmarch  rolls.  These  he  considered 
“very  likely  due  to  changes  of  temperature  in  the  laboratory,  alternately 
retarding  and  augmenting  tbe  growth.” 

"  Policliulro,  pp.  428  aiul  42!». 

Ibid,  p.  431'. 

13  Medlml  Xews,  1S<,)8,  p.  320. 

u  Sul  bacillo  itterode  (Sanarelli).  Oiormtle  d.  r.  Aecad.  di  ined.  di  Torino,  1808, 
4.  s.,  xlvi,  pp.  .57  and  113. 

I.e  bacille  ictoroule  et  sa  toxine.  Andi.  de  ined.  exper.,  1800,  xi,  p.  378. 

'•!  llofj-cliolera.  Bureau  of  .\ninial  Industry,  p.  102  and  Plate  xi,  Fi};.  3.  Wash- 
inirton,  1880. 
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As  usually  seen,  isolated  colonies  on  agar-slants  of  B.  icteroides  and  of 
the  hog-cholera  bacillus,  after  24  hours  at  37°  C.,  appear  as  thin,  slightly 
convex  or  flattened  discs,  with  smooth  margins,  and  by  reflected  light 
present  a  waxy  appearance.  They  measure  2  to  3  mm.  in  diameter  and 
possess,  as  a  rule,  a  faint  bluish  translucence. 

Potato. — According  to  Sanarelli,  B.  icteroides  appears  as  a  moist,  in¬ 
visible  growtli  on  this  medium.  Our  experience  has  shown  that  the  ap¬ 
pearance  of  the  growth  on  potato  is  quite  variable.  When  first  trans¬ 
ferred  by  us  to  potato,  B.  icteroides  (original),  grew  as  a  moist,  thin, 
brownish  layer,  with  a  tendency  to  spread  over  the  surface  of  the 
medium.  We  have  since  bad  occasion  to  observe  that  upon  different 
potatoes  it  may  grow  as  a  colorless,  moist  layer,  or  as  a  faint  yellowish 
layer,  or  that  it  may  show  a  decided  brownish  color. 

The  growtli  of  the  hog-cholera  bacillus  on  potato  in  our  hands  has 
also  shown  decided  differences  on  different  potatoes.  While,  as  a  rule, 
it  has  presented  itself  as  a  thin,  moist,  yellowish  or  brownish  layer,  it 
has  frequently  appeared  as  a  moist,  invisible  growth.  On  parallel  potato 
cultures  which  vve  have  recently  made,  our  cultures  of  B.  icteroides  and 
those  of  the  hog-cholera  bacillus  have  all  shown  the  same  thin,  moist, 
yellowish  growth. 

Plain  Blood  Serum. — B.  icteroides,  original,  and  B.  icteroides,  Ha¬ 
vana,  show  only  slight  develoinnent  on  this  medium.  The  growth  is 
closely  limited  to  the  needle  stroke  and  appears  as  a  delicate,  slightly 
raised,  almost  colorless  layer.  At  the  bottom  of  the  stroke,  near  the 
suiface  of  the  flnid,  there  may  occur  a  slight  expansion  in  the  growth, 
which  is  raised  and  of  a  dull  grayish-white  color.  B.  icteroides,  Santiago, 
shows  a  much  freer  development  all  along  the  line  of  inoculation,  and 
ajjpears  as  a  slightly  raised,  somewhat  glistening  grayish-white  layer. 

The  appearance  of  the  growth  of  bog-cholera  Nos.  1  and  2  is  quite 
similar  to  that  of  B.  icteroides,  Santiago,  there  being  a  free  development 
all  along  the  line  of  stroke. 

On  Loefflers  hlood  serum  tlie  same  relative  difference  in  development 
takes  places  as  already  indicated  above  for  plain  blood  serum;  that  is  to 
say,  while  the  growth  of  B.  icteroides,  original,  and  of  icteroides,  Ha¬ 
vana,  is  exceedingly  limited,  spreading  but  little  along  the  line  of  stroke, 
that  of  icteroides,  Santiago,  and  hog-cholera  Nos.  1  and  2,  is  quite  free 
all  along  the  line  of  stroke,  appearing  as  a  transparent,  flat,  or  as  a 
slightly  elevated  grayish-white  layer. 

Isolated  colonies  of  B.  icteroides,  original,  and  B.  icteroides,  Havana, 
on  plain  and  glucose  blood  scrum,  ap])ear  as  small,  flat,  transparent  or 
slightly  grayish  colonies  which  do  not  exceed  0..^  to  1  mm.  in  diameter, 
while  those  of  B.  icteroides,  Santiago,  and  hog-cholera  bacillus  Nos.  1 
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and  2  are  larger,  more  elevated,  of  grayish-white  color  and  measure  from 
1  to  3  mm.  in  diameter. 

This  relative  difference  in  the  growth  of  B.  icteroides  and  the  hog- 
cholera  bacillus,  as  shown  above,  lias  been  quite  constant  in  our  cultures 
on  blood  serum. 

Milk. — This  medium  is  not  coagulated  by  either  of  these  bacilli.  The 
reaction  of  the  milk  becomes  slightly  acid  at  first,  afterwards  changing 
to  neutral  and  later  becoming  strongly  alkaline.  The  change  to  neutral 
and  alkaline  proceeds  a  little  more  rapidly  with  the  bacillus  of  hog- 
cholera  than  with  B.  icteroides,  original,  and  B.  icteroides,  Havana. 

'With  B.  icteroides,  Santiago,  the  change  from  acid  to  alkaline  corre¬ 
sponds  with  our  cultures  of  tin  hog-cholera  bacillus. 

'With  our  several  cultures  of  Sanarelli’s  bacillus  and  the  hog-cholera 
bacillus,  the  milk  assumes  a  distinct  opalescent  appearance  after  10  to 
14  days  at  thermostat  temperature.  Later  the  medium  becomes  partly 
translucent. 

Litmus  milk  is  slightly  decolorized  by  both  organisms,  taking  on  a 
somewhat  muddy  appearance.  Later  the  original  blue  becomes  restored 
and  gradually  deepened  to  an  indigo  blue. 

Fermentation  Tule. — The  action  of  B.  icteroides  and  of  the  hog-cholera 
bacillus  upon  the  three  sugars  is  the  same.  Both  of  these  bacilli  produce 
prompt  and  marked  fermentation  of  glucose.  In  peptone  bouillon  con¬ 
taining  1  per  cent  glucose,  there  is  a  prompt  appearance  of  gas  during 
the  first  day,  which  is  rapidly  increased  in  amount  during  the  second 
24  hours,  and  reaches  its  maximum  on  the  third  or  fourth  day.  The  reac¬ 
tion  of  the  bouillon  becomes  strongly  acid.  We  have  seen  no  appreciable 
difference  in  the  quantity  of  gas  produced  by  our  cultures  of  B.  icteroides 
and  of  the  hog-cholera  bacillus.  The  volume  of  gas  represents  about 
one-third  of  the  closed  branch  of  the  fermentation  tube.  In  composition 
this  gas  consists  of  COj,  1  part;  II,  2  parts. 

Ko  gas  appears  as  the  result  of  nnilti])lication  of  either  of  these 
bacilli  in  peptone  bouillon  containing  lactose  or  saccharose,  provided 
moans  have  been  used  to  exclude  all  trace  of  muscle  sugar.  The  reac¬ 
tion  of  the  medium  becomes  distinctly  alkaline. 

Ivdol. — Tested  by  Kitasato’s  method,  our  cultures  of  B.  icteroides  and 
the  hog-cholera  bacillus  give  a  faint  indol  reaction. 

After  discussing  the  general  characters  of  the  hog-cholera  group 
of  bacteria,  Smith"  says: 


o  Additional  Investiijations  conccrniim:  Infections  Swine  Diseases,  by  Tiieobald 
Smith  and  Veranns  A.  Moore,  liurean  of  Animal  Industry,  lluiletin  No.  (!,  p.  27, 
Washington,  1804. 
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“  If  we  attempt  to  sum  up  those  cliaracters  which  are  to  circum¬ 
scribe  the  hog-cholera  group  of  bacteria,  we  are  at  ouce  confronted 
by  the  scarcity  of  common  characters.  Pathogenesis,  though  of  great 
importance  from  the  standpoint  of  pathology,  is  probably  the  last 
character  acquired,  and  evidently  the  most  variable  and  most  readily 
lost.  If  we  base  the  unity  of  this  group  on  morphological  and 
biological  characters,  we  are  likewise  met  by  variations  in  size,  ab¬ 
sence  of  motility,  variations  in  the  appearance  of  the  colonies.  There 
are,  however,  certain  underlying  characters,  as  expressed  by  the  be¬ 
havior  of  these  bacteria  in  bouillon  containing  dextrose,  saccharose 
and  lactose,  which  I  think  will  serve  as  a  very  important  group- 
character,  differentiating  such  group  sharply  from  the  colon  group. 
I  would  therefore  suggest  that,  for  the  present,  all  bacteria  whose 
size  approximates  that  of  this  group,  which  do  not  liquefy  gelatine, 
and  Avhose  fermentative  properties  are  the  same  as  those  described  for 
this  group,  should  be  arranged  under  it.” 

A  comparison  of  the  cultural  characters  already  given  indicates 
clearly  that  Bacillus  icteroides  shoidd  be  placed  in  the  hog-cholera 
group  of  bacteria. 

Comparative  Palhogeiicsis. 

Both  of  the  bacilli  under  consideration  possess  a  considerable  range 
of  pathogenesis  for  animals.  The  hog-cholera  bacillus  is  pathogenic,  in 
varying  degree,  for  mice,  guinea-pigs,  rabbits,  pigeons,  dogs  and  hogs. 
The  lesions  occurring  in  several  of  these  animals  are  more  or  less  char¬ 
acteristic  and  have  been  fully  described  by  various  observers,  it  will 
be  of  interest  to  compare  the  appearances  found  in  the  same  animals 
when  inoculated  with  B.  icteroides. 

Our  observations  with  the  latter  bacillus  have  been  generally  conlined 
to  the  inoculation  of  guinea-pigs,  rabbits,  pigeons,  dogs  and  hogs.  More 
recently,  for  comparative  purposes,  we  have  inoculated  a  few  white  mice 
subcutaneously  Avith  B.  icteroides  and  liaA'e  also  fed  the  same  animals 
Avith  fluid  cultures  (0.1  cc.)  of  this  bacillus.  While  the  subcutaneous 
inoculation  of  mice  is  fatal  after  2  to  4  daA’s,  avc  haA’e  observed  that  Avhere 
infection  has  taken  place  through  the  digestive  tract,  death  occurs 
with  considerable  regularity  after  about  one  Aveek.  The  duration  of 
the  infection,  and  the  gross  lesions  (enlargement  of  the  spleen, 
areas  of  necrosis  in  the  liver,  congestion  of  the  kidneys  and  of 
the  mucosa  of  the  small  boAvel)  correspond  closely  Avith  those  already 
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recorded  by  Smith  for  mice  inoculated  with  cultures  of  the  hog-cholera 
bacillus. 

Guinea-pigs  and  Babbits. — These  animals  are  quite  susceptible  to  in¬ 
fection  with  B.  icteroides  or  the  hog-cholera  bacillus,  whether  the  cul¬ 
ture  is  introduced  beneath  the  skin,  into  the  peritoneal  cavity,  into  the 
trachea  or  intravenously.  Infection  may  also  be  brought  about  by  feed¬ 
ing  moderate  quantities  of  a  fluid  culture  of  either  bacillus.  As  regards 
the  degree  of  susceptibility,  the  rabbit  has  been  found  to  succumb  to 
smaller  doses  of  both  of  these  bacilli  than  the  guinea-pig. 

Smith’*  succeeded  in  producing  death  in  rabbits  by  inoculating  them 
with  4Tyo^oTr^  cc.  of  a  be  uillon  culture  of  the  hog-cholera  bacillus.  We 
have  found  cc.  of  a  24-hour  bouillon  culture  of  B.  icteroides 

sufficient  to  kill  rabbits.  Of  two  animals  inoculated  subcutaneously  with 
this  quantity,  one  died  after  11,  and  the  other  after  12  days,  with  the 
usual  lesions  at  autopsy. 

In  reference  to  the  infection  of  guinea-pigs  with  B.  icteroides,  Sana- 
relli  states  that  while  the  duration  varies  with  the  mode  of  inoculation, 
the  disease  follows  a  cyclical  course  which  is  not  influenced,  as  a  rule, 
by  the  quantity  of  culture  inoculated  subcutaneously.  By  the  latter 
method  guinea-pigs  die  on  an  average  in  from  5  to  8  days,  the  majority 
on  the  7th.  Exceptionally,  they  may  die  after  48  hours,  or  survive  until 
15  to  30  days.  In  further  demonstration  of  this  cyclical  course  of  the 
disease,  Sanarelli  has  killed  inoculated  guinea-pigs  every  12  hours  from 
the  time  of  inoculation  and  has  carefully  studied  cultures  from  the  blood 
and  organs,  with  the  result  that  while  a  few  colonies  can  be  obtained  from 
the  spleen  and  liver  after  12  to  24  hours,  these  organs  are  sterile  from 
the  2d  to  the  5th  day.  On  the  fith  day,  however,  there  is  a  sudden 
general  invasion  of  the  blood  and  organs  by  B.  icteroides  which  is  fol¬ 
lowed  by  the  death  of  the  animal  on  the  7th  day. 

While  Bruschettini  ”  has  confirmed  Sanarelli’s  experience  that  the 
duration  of  the  disease  in  guinea-pigs  is  not  influenced  by  the  quantity 
of  the  virus  injected,  provided  the  cultures  are  obtained  from  the  guinea- 
pig  or  rabbit,  he  finds  that  cultures  obtained  from  the  blood  of  the  dog 
will  kill  medium-sized  guinea-pigs  in  2  to  3  days,  and  sometimes 
within  24  hours. 

We  are  not  able  to  verify  Sanarelli’s  statement  that  the  dose  injected 
subcutaneously,  whether  0.1  cc.  or  5  cc.,  has  no  influence  on  the  duration 
of  the  malady.  His  statement  appears  to  hold  good  provided  the  quan¬ 
tity  does  not  exceed  0.5  cc.  Under  these  circumstances,  guinea-pigs 
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inoculated  by  us  have  died,  as  a  rule,  after  G  to  8  days;  exceptionally, 
however,  after  3  to  4  days.  When  the  quantity  injected  was  larger 
(1  cc.  to  3  cc.),  death  has  generally  occurred  at  much  shorter  intervals, 
varying  from  17  hours  to  4  days.  Exceptionally,  guinea-pigs  have  sur¬ 
vived  doses  of  3  cc.  for  a  period  of  7  days. 

As  to  the  sterility  of  cultures  taken  from  the  2d  to  the  5th  day  after 
inoculation  of  guinea-pigs  with  B.  icteroides,  we  can  confirm  the  state¬ 
ment  of  Sanarelli;  but  we  have  obtained  the  same  general  results  with 
guinea-pigs  infected  subcutaneously  with  small  quantities  of  the  hog- 
cholera  bacillus;  that  is  to  say,  while  a  few  colonies  may  be  obtained  from 
the  liver  or  spleen  during  the  first  24  hours  following  the  inoculation, 
cultures  thereafter  remain  sterile  until  the  day  preceding  the  death  of 
the  animal — generally  until  the  5th  to  the  Gth  day  after  the  injection. 
Since  this  behavior  of  the  hog-cholera  bacillus  within  the  bodies  of 
guinea-pigs  corresponds  with  that  recorded  by  Sanarelli  for  B.  icteroides, 
it  docs  not  seem  to  us  proper  that  any  analogy  should  be  drawn  between 
this  so-called  cyclical  course  of  the  disease  in  the  guinea-pig  and  the 
course  of  yellow  fever  in  the  human  being.  It  would  rather  seem  to  indi¬ 
cate  that  after  the  introduction  of  a  certain  quantity  of  B.  icteroides  or 
the  hog-cholera  bacillus  into  the  body  of  the  guinea-pig,  and  the  de¬ 
struction  of  the  few  organisms  that  primarily  invade  the  blood,  an  in¬ 
terval  varying  from  3  to  5  days  is  required  before  the  natural  resistance 
of  the  animal  is  overcome  through  the  absorption  of  the  toxic  products 
of  the  micro-organisms  multiplying  at  the  point  of  injection,  and  that 
when  this  resistance  is  destroyed,  the  bacilli  rapidly  invade  the  blood 
and  organs.  In  more  susceptible  guinea-pigs,  the  primary  invasion  is 
followed  by  rapid  multiplication  of  the  bacilli  and  death  from  septicaemia 
after  48  hours. 

Turning  now  to  the  lesions  produced  in  guinea-pigs  and  rabbits  by  the 
hog-cholera  bacillus,  these  are  found  to  be  fairly  constant  and  character¬ 
istic,  namely,  slight  purulent  infiltration  at  the  site  of  inoculation,  en¬ 
largement  of  the  spleen  and  tlie  presence  of  focal  necroses  in  the  liver. 
Fatty  degeneration  of  the  heart  muscle  is  common.  The  duration  of  the 
disease  depends  upon  the  quantity  and  virulence  of  the  cidture  inocu¬ 
lated,  and  varies  from  4  to  12  days,  the  majority  of  the  animals  dying 
at  about  the  end  of  one  week. 

In  order  to  illustrate  the  lesions  produced  in  these  animals  with  B. 
icteroides,  we  submit  protocols  of  some  of  our  earlier  experiments; 

Exp.  T. — Guinea-pig  No.  456;  weight  495  gm.;  November  9,  1897, 
inoculated  subcutaneously  with  1  cc.  of  a  20-hour  lactose  bouillon  cul¬ 
ture  of  B.  icteroides  from  blood  of  dog  443.  Colonies  from  this  dbg  on 
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agar-slant  show  characteristic  wax-seal  appearance.  Death  Xovein- 
ber  13,  1897,  after  4  days.  Weight  after  death,  318  gm. 

Sl.ght  amount  of  purulent  exudate  at  site  of  injection.  Lymph- 
glands  swollen  and  pale.  Visceral  peritoneum  injected.  Xo  fluid  in 
abdominal  cavity.  Small  intestine  of  a  rose-pink  color.  Spleen  much 
swollen,  soft,  deep  reddish-brown  in  color.  Liver  pale,  numerous  puncti- 
forni  areas,  yellowish-white  in  color,  beneath  its  capsule  and  on  section. 
Kidneys  pale.  Adrenals  enlarged  and  congested.  Upper  lobe  of  right 
lung  injected. 

Cultures  from  blood,  spleen,  liver,  kidney  and  urine  give  numerous 
colonies  of  B.  icteroides. 

Exp.  111. — Guinea-pig  Xo.  458;  weight  680  gm.;  Xovember  9,  1897, 
13.30  P.  M.,  received  under  the  skin  3  cc.  of  a  34-hour  bouillon  culture  of 
B.  icteroides  from  blood  of  dog  Xo.  443.  Death  at  6.30  A.  M.,  Xovem¬ 
ber  10,  1897,  after  18  hours. 

Considerable  mdema  at  site  of  injection.  Lymph-glands  swollen. 
Parietal  peritoneum  injected.  Spleen  Arm  and  small.  Liver  swollen 
and  dark.  Kidneys  congested.  Lungs  normal. 

Cultures  from  liver  and  spleen  show  a  few  colonies;  other  sources 
negative. 

Exp.  Y. — Guinea-pig  No.  461;  weight  413  gm.;  Xovember  16,  1897, 
inoculated  subcutaneously  with  0.5  cc.  glucose  bouillon  culture  of  B. 
icteroides  from  liver  of  guinea-pig  459.  Death  Xovember  33,  1897,  after 
7  days.  Weight  after  death,  368  gm. 

Xo  lesion  at  site  of  injection.  Inguinal  glands  swollen  and  pale.  Ab¬ 
dominal  cavity  contains  about  3  cc.  turbid  fluid.  Surface  of  liver  and 
spleen  covered  with  a  thin  grayish  exudate.  Spleen  much  swollen.  Liver 
shows  numerous  small  necroses,  round,  oblong,  and  of  irregular  shape; 
these  are  to  be  seen  on  the  upper  and  under  surface  and  on  section. 
Kidneys  swollen,  congested  throughout.  Adrenals  swollen  and  injected. 
Gladder  filled  with  albuminous  urine.  Both  lungs  congested;  pleural 
surfaces  injected;  small  quantity  of  clear  serum  in  pleural  cavities. 

Cultures  from  blood  negative;  from  spleen,  liver,  bile,  abdominal  cavity, 
kidney  and  urine,  positive.  Colonies  particularly  numerous  from  spleen 
and  abdominal  cavity. 

Exp.  XI. — Guinea-pig  Xo.  475;  weight  430  gm.;  November  37,  1897, 
received  subcutaneously  0.3  cc.  of  a  34-hour  lactose  bouillon  culture  of 
B.  icteroides  from  liver  of  dog  443.  Death  December  3,  1897,  after  4 
days  and  30  hours. 

Slight  purulent  exudate  at  site  of  injection.  Inguinal  and  axillary 
glands  swollen  and  pale.  Both  layers  of  peritoneum  injected.  Spleen 
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large  and  dark  in  color.  Kidneys  and  adrenals  swollen  and  much 
congested.  Liver  contains  a  small  number  of  necroses.  Lungs  normal. 

Cultures  positive  from  blood,  organs,  bile  and  urine;  very  numerous 
colonies  from  spleen  and  bile. 

Exp.  I. — Eabbit;  weight  2000  gm.;  injected  subcutaneously  with 
0.2  cc.  of  B.  icteroides,  original.  Death  after  7  days. 

Lymph-glands  enlarged.  Splenic  tumor.  Liver  large,  congested  and 
contains  many  small  focal  necroses.  Kidneys  swollen;  on  section,  in¬ 
jected  throughout. 

Cultures  positive  from  blood  and  organs. 

Exp.  II. — Babbit;  weight  1545  gm.;  injected  subcutaneously  with 
0.2  cc.  of  B.  icteroides,  original.  Death  after  8  days. 

Some  caseous  purulent  exudate  at  site  of  injection.  Spleen  swollen 
and  dark.  Liver  normal.  Kidneys  congested.  Lungs  normal. 

Cultures  positive  from  blood  and  organs. 

Exp.  III. — Babbit;  weight  1707  gm.;  received  subcutaneously  0.2  cc. 
of  a  24-hour  culture  of  B.  icteroides,  original.  Death  after  8  days. 

Splenic  tumor.  Kumerous  necroses  in  liver.  A  few  hfemorrhagic 
areas  scattered  over  duodenum.  Injection  of  mucous  membrane  of  upper 
part  of  small  intestine.  Small  ecchymoses  over  the  surface  of  both  lungs. 

Cultures  from  blood  and  organs  positive. 

It  is  seen  from  the  foregoing  protocols  that  the  most  prominent  gross 
lesions  in  guinea-pigs  and  rabbits  inoculated  with  B.  icteroides  are  acute 
splenic  tumor  and  multiple  focal  necroses  in  the  liver.  The  latter  have 
been  quite  constantly  met  in  guinea-pigs  when  death  has  occurred  after 
the  4th  to  the  Gth  day.  In  rabbits  these  necroses  were  sometimes  absent. 
We  have  observed  these  necroses  in  animals  inoculated  with  B.  icteroides, 
original,  and  B.  icteroides,  Havana.  Sanarelli  does  not  record  this  lesion 
in  guinea-pigs  and  rabbits,  but  states  that  the  liver  is  always  congested, 
except  that,  when  the  guinea-pig  dies  after  many  days,  the  liver  presents 
a  pale,  gray,  nutmeg  appearance,  and  is  evidently  degenerated. 

These  necroses  so  frequently  met  by  us,  have  been  also  observed  by 
other  investigators.  De  Lacorda  and  Bamos  “  record  the  finding  of  scat¬ 
tered  yellow  points  {“  des  points  jaunes  dissfmines  ”)  in  the  liver  of  one 
rabbit  out  of  four  inoculated  with  B.  icteroides.  They  say  nothing  about 
the  microscopic  examination  of  these  yellow  points.  Domenico  della 
Bovere”  records  as  the  residt  of  his  infection  of  guinea-pigs  with  B. 
icteroides,  ^^as  a  new  finding  in  the  liver,  foci  of  small  cells  situated  in 
the  midst  of  the  lobules;  the  protoplasm  of  the  liver  cells  appears  very 
granular,  the  nuclei  discolored  and  feebly  stained,  as  well  as  the  nuclei 


■’‘Arch,  de  nicd.  exprr.,  IS'.tO,  xi,  p.  300. 

■2'  Sul  bat'illo  icteroide  (Sanarelli).  Tfifortna  medica,  180S,  xiv,  pt.  3,  p.  OS. 
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of  the  cells  lining  the  biliary  canals  and  capillaries.’*  Della  Rovere  also 
observed  like  foci  of  small  cells  situated  within  the  hepatic  lobules  of  rab¬ 
bits  inoculated  with  B.  icteroides.  Agranionte  "  found  these  necroses  in 
the  livers  of  guinea-pigs  inoculated  with  the  culture  of  B.  icteroides 
isolated  by  him  from  yellow-fever  cadavers  at  Santiago,  Cuba. 

We  will  give  briefly  the  results  of  microscopic  examination  of  the  several 
organs.  For  this  purpose,  tissues  were  hardened  in  95  per  cent  alcohol, 

5  per  cent  formalin,  Orth’s  fluid  and  Flemming's  osmic  solution.  The 
description  applies  to  the  tissues  of  both  guinea-pigs  and  rabbits. 

Frozen  sections  of  the  fresh  organs  were  examined  in  normal  salt  solu¬ 
tion  for  the  detection  of  any  fatty  change.  Fatty  degeneration  of  the 
heart  muscle  was  generally  present.  The  gross  change  in  the  spleen, 
lymph-glands  and  adrenals  appeared  to  he  due  to  the  large  increase  of  the 
blood  supply  of  these  structures.  Xo  degenerative  changes  were  ob¬ 
served  except  in  the  case  of  one  guinea-pig  that  diet!  on  the  ITth  day 
after  inoculation  with  B.  icteroides.  Havana.  Here  extensive  foci  were 
found  in  both  the  follicles  and  splenic  ])ulp.  The  cells  in  these  areas  had 
been  converted  into  a  granular  detritus,  in  the  midst  of  which  abundant 
minute  nuclear  fragments  were  to  be  seen.  A  moderate  number  of 
polymorphonuclear  leucocytes  were  invading  these  areas  from  the 
margin. 

In  the  kidney,  both  fatty  and  parenchymatous  degenerations  of  the 
tubules  of  the  labyrinth  were  observed;  the  former  was  slight,  the  latter 
more  marked.  The  general  blood  supply  of  the  organ  was  increased,  as 
shown  in  the  marked  dilatation  of  the  glomerular  capillaries  and  of  the 
intertubular  vessels.  x\.n  amorphous  exudate  and  a  few  rod  corpuscles 
were  frequently  found  within  Bowman's  capsules.  Sometimes  there  was 
apparent  loss  of  the  glomerular  ci)ithelium;  no  interstitial  changes  were 
present.  The  lesions  in  the  kidney  did  not  differ  from  those  seen  in 
other  acute  exqierimental  infections. 

The  liver  presents,  in  a  majority  of  the  cases,  more  marked  changes. 
In  addition  to  the  congestion  which  is  generally  present,  there  is  some¬ 
times  seen  slight  fatty  metamorphosis.  This  was  never  marked  on  micro¬ 
scopic  examination  of  frozen  sections,  although  the  color  of  the  organ  at 
autopsy  at  times  seemed  to  indicate  this  change.  In  the  majority  of 
cases,  in  both  guinea-pigs  and  rabbits,  there  was  an  increase  in  the 
number  of  polymorphonuclear  leucocytes  within  the  hepatic  capillaries. 
In  some  instances  the  cajullaries  were  so  crowded  and  distended  with 
these  leucoevtes  as  to  constitute  veritable  thrombi.  There  did  not  ap- 

22  The  Bacillus  icteroides  (Sanarelli)  and  Bacillus  X  (SternUery).  By  Geo.  M.  Stern¬ 
berg.  Ceniralhl.  f.  liukleriolof/ie,  189!>,  xx\,  p.  050. 
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pear  to  be  any  relation  between  these  collections  of  leucocytes  and  the 
areas  of  necrosis,  the  latter  presenting  the  most  striking  feature  to  be 
seen  in  the  liver  (hig.  1,  Plate  XIX).  These  foci  varied  much  in  size. 
Sometimes  only  a  few  cells  were  affected,  but  generally  a  considerable 
part  of  the  lobule  was  involved.  At  times  an  entire  lobule  and  adjacent 
parts  of  several  lobules  had  undergone  the  necrotic  change.  Various 
stages  in  this  process  of  coagulative  necrosis  were  seen.  Areas  were 
observed  in  which  the  protoplasm  of  the  cells  stained  brightly  with 
eosin  and  appeared  more  granular  than  usual,  while  the  nuclei  remained 
visible,  although  paler  than  normal.  In  other  areas,  the  nuclei  of  the 
more  centrally  placed  cells  had  quite  disappeared,  while  those  of  the 
peripheral  cells  had  only  suffered  a  slight  alteration  in  their  capacity  to 
take  nuclear  stains.  In  still  other  areas,  the  cells  had  become  hyaline 
and  refractive,  and  the  nuclei  had  entirely  disappeared  without  leaving 
behind  any  nuclear  detritus  within  the  cells.  The  number  of  leucocytes 
present  in  these  areas  varied  considerably.  At  times  none  were  to  be 
seen;  but,  as  a  rule,  many  were  found  collected  about  the  margin,  or 
were  contained  within  the  capillaries  of  the  outer  zone  of  the  area. 
Again,  they  had  penetrated  in  large  numbers  to  the  centre  and  had  there 
undergone  fragmentation.  In  animals  that  died  after  considerable 
periods  (9  to  17  days),  foci  Avere  observed  in  which  the  liver  cells  had 
completely  disappeared  and  in  whose  place  there  were  to  be  seen,  in  addi¬ 
tion  to  a  few  polymorphonuclear  leucocytes,  many  cells  with  large 
epithelioid  nuclei,  and  fewer  cells  with  small,  round,  deeply  staining 
nuclei. 

The  foregoing  description  applies  equally,  in  our  experience,  to  the 
livers  of  rabbits  and  guinea-pigs  inoculated  with  the  hog-cholera 
bacillus. 

Dogs. — The  clinical  picture  brought  about  in  dogs  by  the  intravenous 
injection  of  B.  icteroides  is  strikingly  reproduced  by  the  inoculation  of 
these  animals  with  the  hog-cholera  bacillus.  In  the  course  of  our  ex¬ 
periments  we  have  inoculated  eight  dogs  with  B.  icteroides.  Of  these 
5  have  died  and  3  recovered.  We  give  protocols  of  some  of  the  fatal 
cases. 

Exp.  I. — Dog  No.  443;  weight  10^  lbs.  September  24,  1897,  1.45 
P.  M.,  inoculated  intravenously  with  5  cc.  of  a  24-hour  lactose  bouillon 
culture  of  B.  icteroides,  original.  Temperature  before  inoculation  102° 
F.  Within  15  minutes,  frothy,  tenacious  saliva  was  observed  about  the 
mouth;  animal  very  restless.  2.20  P.  M.,  loose  action  with  tenesmus,  fol¬ 
lowed  by  vomiting  of  a  frothy,  gray  fluid;  the  act  of  vomiting  was  sev¬ 
eral  times  repeated  with  much  retching.  2.45  P.  M.,  slimy  stool  mixed 
with  blood.  4.20  P.  M.,  temperature  105.2°. 
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September  25,  9  A.  M.,  temperature  104°;  3  P.  M.,  temperature 
105.8°.  Animal  has  had  several  black,  tarry-looking  stools;  remains 
quiet  and  refuses  food.  This  elevation  of  temperature  continued  until 
October  1,  ivhen  it  became  subnormal,  falling  to  98°  F.  at  1.40  P.  M., 
October  2,  and  to  93.4°  F.  at  10.20  A.  M.,  October  3.  Death  at  G  P.  M., 
October  3,  after  9  days. 

Autopsy  at  2.30  P.  M.,  October  4,  the  body  in  the  meanwhile  having 
been  kept  in  ice-chest.  Snhcutaneous  tissues  dry.  Inguinal  lymph- 
glands  swollen  and  injected.  Stomach  and  intestine  pale.  A  few 
hsemorrhagic  areas  scattered  over  surface  of  ileum.  Mesenteric  glands 
swollen  and  moderately  congested.  No  fluid  in  abdominal  cavity.  Spleen 
fii’iii,  slightly  enlarged.  Liver  of  a  generally  pale  color;  outlines  of  lohules 
distinct.  Kidneys  swollen,  pale;  small,  distinct  hsemorrhagic  points 
beneath  capsule;  on  section,  cortex  is  thickened  and  cloudy  in  appear¬ 
ance;  pyramids  slightly  injected.  Bladder  contracted;  contains  a  small 
amount  of  alhuminous  urine.  Mucous  membrane  of  the  stomach  and 
intestine  pale.  Lungs  normal.  Eight  cardiac  cavities  distended  with 
fluid  blood. 

Cultures  from  blood,  spleen,  liver,  bile,  urine  and  kidney  give  colonies 
of  B.  icteroides. 

Microscopic  examination  of  frozen  sections  shows  moderate  fatty  de¬ 
generation  of  the  liver,  which  is  conflned  to  the  peripheral  part  of  the 
lobules.  ITardened  sections  show,  in  addition,  small  areas  of  coagulative 
necrosis. 

Ea-p.  II. — Dog  No.  405;  weight  164  lbs.  November  16,  1897,  at 
3  P.  M.,  injected  intraA^enously  with  5  cc.  of  a  24-hour  houillon  culture 
of  B.  icteroides,  original.  Temperature  before  inoculation  102.6°  F. 
3.27  P.  ]\L  vomited  food,  followed  by  micturition  and  evacuation  of 
bowel  with  tenesmus.  Acts  of  vomiting  and  defecation  repeated  several 
times  during  the  next  2  hours;  animal  considerably  prostrated.  4.10 
P.  M.,  tem])erature  102.6°.  November  17,  9.40  A.  M.,  temperature 
103.4°;  4  P.  M.,  104°;  animal  refuses  food;  appears  much  dejected. 
Temperature  remained  elevated  until  November  22,  at  which  time  the 
dog’s  condition  was  much  improved. 

November  30,  at  2  P.  M.,  the  animal  was  a  second  time  injected  with 
5  cc.  of  a  24-hour  culture  of  B.  icteroides  from  the  blood  of  dog  443. 
When  returned  to  its  cage,  the  dog  was  profoundly  prostrated,  and  died 
28  minutes  later. 

Autopsy  30  minutes  after  death.  An  abundance  of  subcutaneous  fat. 
Spleen  small  and  light-red  in  color.  Liver  dark  and  congested;  blood 
flows  freely  from  cut  surface.  Kidneys  swollen,  cortex  pale,  pyramids 
injected.  Bladder  firmly  contracted.  IMucous  membrane  of  stomach 
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pale.  Mucous  meiiibrane  of  small  intostuie  deeply  congested  from  the 
pylorus  to  the  ileocajcal  valve.  Lungs  normal. 

Cultures  from  liver  and  spleen,  positive;  hlood,  bile,  abdominal  cavity, 
kitiney  and  urine,  negative. 

Frozen  sections  of  the  liver  anti  sections  hardened  in  Flemming’s  solu¬ 
tion  show  slight  fatty  degeneration. 

Exp.  111. — Young  dog  Xo.  504;  weight  12;^  lbs.  December  13,  1897, 
11.20  A.  M.,  injected  intravenously  with  2.5  cc.  of  a  24-hour  glucose 
bouillon  culture  of  B.  icteroides  from  liver  of  dog  443.  Temperature 
before  injection  102.2°  F.  Within  the  next  few  hours  following  the 
injection  there  were  repeated  acts  of  vomiting  and  defecation  with  much 
tenesmus,  followed  by  marked  prostration.  4  F.  M.,  temperature  105.4°. 

December  14,  9.20  A.  M.,  tem})crature  103.6°;  4  P.  M.,  106.2°;  animal 
has  frequent  loose  stools  mixed  witli  nincus  and  blood.  The  animal 
remained  in  this  condition  and  died  at  8  A.  M.,  December  22,  1897. 
Weight  after  death  9]-  lbs. 

Autopsy  3  hours  after  death.  Lynqdi-glands  inuch  swollen  and  in¬ 
jected.  Xo  fluid  in  abdominal  cavity  Spleen  enlarged,  soft,  dark  red 
in  color.  Liver  ])aler  in  color  than  normal;  outlines  of  lobules  distinct;. 
pori])heries  ]mle;  central  veins  congested,  surronnded  by  lighter  areas; 
cut  sniface  ])resents  the  same  appearance.  Kidneys  swollen;  cortex 
swollen,  cloudy.  Urinary  Ifladder  partly  contracted,  containing  albu¬ 
minous  urine.  Stomach  contains  several  ounces  of  a  dark  green,  brown¬ 
ish  fluid;  mucous  membrane  pale.  Tlie  same  pallor  a])plies  to  the  whole 
mucons  membrane  of  small  intestine.  Some  congestion  of  the  rectum, 
M’hich  contains  a  small  (piantity  of  dark  grumoiis-looking  fluid.  Lungs 
normal.  Increased  fluid  in  ])ericardial  sac;  numerous  punctate  haemor¬ 
rhages  beneath  viseei’al  ])ericardiuni;  all  cavities  of  heart  distended  with 
dark  fluid  blood;  many  punctate  haemorrbages  beneath  endocardinm  of 
both  ventricles;  myocardium  pale. 

Cultures  from  blood,  spleen,  liver,  bile,  kidney  and  urine  gave  colonies 
of  B.  icteroides. 

Frozen  sections  of  tbe  liver  show  marked  fatty  degeneration,  the 
lobules  being  involved  throughout;  the  he])atic  cells  are  flllcd  with  fine 
and  medium-sized  oil  drops;  the  cells  lining  tbe  bile  duets  also  contain 
many  fine  oil  drops.  Frozen  sections  of  the  kidney  show  advanced 
cloudy  swelling,  with  slight  fatty  change  in  the  secreting  epithelium. 

In  two  other  dogs  injected  intravenously  with  5  cc.  of  a  culture  of  B. 
icteroides,  death  occurred  after  52  and  16  hours  res])ectively,  preceded  by 
the  same  clinical  sym]ttoms.  There  was  present  intense  haemorrhagic 
gastro-enteritis.  but  no  fatty  change  in  the  liver,  although  focal  necroses 
were  present  in  this  organ. 
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For  comparative  purposes  we  have  also  inoculated  dogs  with  the 
bacillus  of  hog-cholera.  Of  these  5  have  died  at  various  intervals  fol¬ 
lowing  the  inoculation,  and  5  have  recovered. 

We  submit  protocols: 

Exp.  I. — Dog  Xo.  595,  weight  12^  lbs.  May  16,  1898,  1.15  P.  M., 
received  intravenously  5  cc.  of  a  24-hour  bouillon  culture  of  the  hog- 
cholera  bacillus.  Temperature  before  inoculation  102.6°.  Within  an 
hour  animal  appeared  much  affected.  Vomited  at  2.05  and  2.40  P.  M. 
Frequent  acts  of  micturition  and  defecation  during  the  afternoon.  The 
stools  consisted  of  watery  fluid  mixed  with  mucus  and  blood.  5  P.  M., 
temperature  103.2°.  At  this  time  animal  is  completely  prostrated. 
Death  at  7.30  A.  M.,  May  17. 

Abdominal  cavity  contains  a  small  quantity  of  a  blood-stained  serum. 
Peritoneum  injected  throughout.  Scattered  points  of  haemorrhage  over 
large  and  small  intestine.  Spleen  swollen  and  congested,  firm.  Liver 
dark  in  color  and  deeply  congested.  Bladder  firmly  contracted.  Kidney 
swollen;  cortex  pale,  pyramids  injected.  Stomach  contains  dark  fluid 
blood;  its  mucous  membrane  is  uniformly  and  deeply  congested.  Small 
intestine  also  contains  fluid  blood;  its  mucous  membrane  is  deeply  in¬ 
jected  and  haemorrhagic  from  pylorus  to  ileocajcal  valve.  Thoracic 
organs  normal. 

Cultures  from  blood,  liver  and  spleen  positive. 

Frozen  sections  show  cloudy  swelling  but  no  fatty  change  in  either 
liver  or  kidney. 

Exp.  F. — Dog  Xo.  1060;  weight  14  lbs.  June  2,  1899,  2.40  P.  M.,  re¬ 
ceived  intravenously  5  ce.  of  a  24-hour  bouillon  culture  of  the  hog-cholera 
bacillus.  Temperature  before  inoculation  100°  F.  The  symptoms  as 
already  described  for  the  preceding  animal  appeared  Avithin  an  hour. 
Sitells  of  vomiting,  micturition  and  defecation  were  especially  frequent 
in  this  animal.  June  3,  9.30  A.  M.,  temperature  101.8°;  4  P.  M.,  101.9°. 
Dog  refuses  food;  appears  to  be  very  sick.  June  4,  10.30  A.  j\[.,  tem¬ 
perature  105.4°;  4  P.  !M.,  105.8°.  This  elevated  temperature  continued 
until  June  8,  after  Avhich  date  fever  subsided  and  animal  gradually 
recovered  its  strength. 

June  15,  1899,  3.40  P.  !M.,  again  injeeted  in  the  ear-vein  with  5  cc. 
of  a  48-hour  culture  of  the  hog-cholera  bacillus,  followed  by  death  at  the 
end  of  45  minutes. 

Autopsy  18  hours  after  death,  body  having  been  kept  in  an  ice-box  in 
the  meauAvhile.  About  25  cc.  of  blood-stained  serum  in  the  abdominal 
cavity.  Omentum  and  both  layers  of  peritoneum  congested.  Spleen 
pale  and  flaccid,  not  enlarged.  Liver  firm,  congested.  Bladder  con¬ 
tracted;  its  mucous  membrane  distinctly  congested.  Kidneys  swollen 
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and  much  congested.  Gastric  mucosa  intensely  injected  throughout, 
swollen  and  haemorrhagic.  Mucous  memhrane  of  small  intestine  is 
swollen  and  of  a  raspberry-jam  color  from  pylorus  to  the  ileocaecal  valve. 
That  of  the  large  bowel  is  less  congested.  Lungs  normal.  All  cavities 
of  the  heart  distended  with  dark  fluid  blood;  numerous  subendocardial 
ecchymoses  in  left  ventricle. 

Cultures  from  the  blood,  sterile;  from  the  liver,  kidney  and  spleen, 
positive. 

Frozen  sections  of  the  liver  show  moderate  fatty  degeneration  of  the 
hepatic  cells. 

Exp.  IX. — Dog  Xo.  1109;  weight  15  lbs.  This  animal  received  intrav¬ 
enously  three  injections  of  the  hog-cholera  bacillus,  as  follows: 

August  22,  1899,  8  cc.,  September  6,  1899,  25  cc.,  hJovemher  4,  1899, 
25  cc.  of  a  bouillon  culture.  After  each  injection  there  were  the  same 
clinical  symptoms  already  described  in  previous  dogs,  folloAved  by  marked 
fever.  Death  Xovemher  18,  14  days  after  last  injection. 

Autopsy  6  hours  after  death.  Spleen  somewhat  swollen,  firm  and 
moderately  injected.  Liver  of  paler  color  than  normal;  markings  indis¬ 
tinct.  Kidneys  swollen,  cortex  thickened  and  cloudy.  No  hajmorrhagic 
lesions  in  stomach  or  intestinal  canal.  Bladder  partly  distended  with 
albuminous  urine.  Lungs  normal. 

Cultures  from  blood,  sterile;  spleen,  liver  and  kidneys,  positive. 

Frozen  sections  of  the  liver  show  fatty  degeneration.  Hardened  sec¬ 
tions  show  small  areas  of  coagulative  necrosis. 

In  two  additional  experiments  Avith  dogs,  5  cc.  of  a  bouillon  culture 
of  hog-cholera  bacillus  injected  intravenously,  brought  about  death,  in 
the  one  case  after  10  hours,  and  in  the  other  at  the  end  of  21  days,  the 
animal  being  extremely  emaciated.  In  the  former,  haamorrhagic  lesions 
Avere  marked  in  stomach  and  small  intestine.  In  neither  case  Avas  there 
any  fatty  degeneration  of  the  liepatic  cells. 

In  our  experiments  Avith  dogs  aa’O  have  recovered  B.  icteroides  or  the 
hog-ciiolera  bacillus  respectiA’ely  in  pure  culture.  In  no  case  of  either 
series  of  experiments  Avas  there  a  mixed  infection. 

An  examination  of  the  foregoing  protocols  of  dogs  inoculated  Avith  the 
hog-choleia  bacillus,  Avill  serA'c  to  demonstrate  that  the  same  clinical 
picture  is  seen  in  these  animals  as  in  those  inoculated  Avith  Sanarelli’s 
bacillus.  We  have  constantly  observed  repeated  vomiting,  increased 
action  of  the  hoAvels  Avith  tenesmus,  frequent  micturition,  and  pronounced 
prostration  Avith  fever.  These  symptoms  have  appeared  Avithin  an  hour 
or  less  after  the  injection,  and  in  tAvo  instances  Avere  folloAved  by  death 
after  10  and  18  hours  respectiA'ely.  At  autopsy,  intense  hasmorrhagic 
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gastro-enteritis  was  present  as  seen  in  dogs  that  died  within  a  short  in¬ 
terval  after  injection  with  B.  icteroides. 

Tims,  in  dogs  inoculated  with  the  hog-cholera  bacillus,  w'e  have  been 
able  to  reproduce  a  part  of  the  clinical  and  anatomical  picture  which 
Sanarelli  considers  analogous  to  that  seen  in  yellow  fever  in  the  human 
being.  It  is  important  to  observe,  however,  that  these  symptoms  and 
lesions  in  the  dog  are  not  peculiar  to  either  B.  icteroides  or  the  hog- 
cholera  bacillus,  since  we  have  fully  reproduced  them  in  dogs  by  the 
intravenous  injection  of  a  member  of  the  colon  group  (Bacillus  X,  Stern¬ 
berg).  There  are  probably  other  bacteria  that  would  bring  about  the 
same  symptoms  and  lesions  in  dogs. 

As  regards  the  fatty  degeneration  of  the  liver,  the  second  part  of  the 
anatomical  picture  upon  Avhich  Sanarelli  lays  considerable  importance, 
we  have  met  wdth  this  in  less  degree  in  dogs  injected  with  the  hog-cholera 
bacillus.  Although  it  was  present  in  2  out  of  5  autopsies,  the  degree  of 
fatty  degeneration  was  not  marked  in  any  of  these.  On  the  other  hand, 
in  only  1  of  5  dogs  in  which  a  fatal  infection  was  produced  with  B. 
icteroides  was  this  change  present  in  sufficient  degree  to  constitute  an 
important  pathological  lesion.  In  2  other  dogs  injected  with  Sanarelli’s 
bacillus,  there  was  a  moderate  degree  of  fatty  degeneration,  just  as  there 
was  in  2  of  the  dogs  injected  with  the  hog-cholera  bacillus.  Thus,  in 
the  young  dog  of  the  icteroides  series  in  which  fatty  degeneration  of  the 
liver  was  a  prominent  feature,  this  did  not  reach  that  extent  or  degree 
seen  in  the  liver  of  yellow  fever.  Moreover,  there  was  a  conspicuous  ab¬ 
sence  of  cellular  necrosis,  always  so  prominent  a  feature  in  the  liver  of 
the  latter  disease 

The  percentage  of  cases  in  which  we  have  observed  fatty  degeneration 
in  the  liver  of  dogs  inoculated  with  B.  icteroides  (60  per  cent),  while 
slightly  less  than  that  observed  by  Sanarelli"’  (71.3  per  cent),  is  in  ex¬ 
cess  of  that  reported  by  de  Lacerda  and  Kamos’*  (oO  per  cent).  We 
have  been  unable  to  find  detailed  reports  of  observations  by  other 
workers. 

In  connection  with  the  production  of  fatty  degeneration  of  the  liver 
of  dogs  injected  with  B.  icteroides,  we  observe  that  P.  Foa,”  having  pro¬ 
duced  in  the  liver  of  one  dog  inoculated  with  B.  icteroides  extreme 
steatosis  in  all  respects,  as  he  states,  similar  to  that  found  in  the  liver  of 
yellow  fever,  failed  to  encounter  again  this  change  in  a  series  of  dogs 
(the  number  is  not  stated),  although  these  died  after  varying 
intervals  and  in  a  marasmic  condition.  We  have  already  shown  in  a  pre- 
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vious  paper  “  that  the  hog-cholera  bacillus,  in  larger  doses  several  times 
repeated,  may  cause  intense  fatty  degeneration  of  the  dog’s  liver. 

That  B.  icteroides  may  fail  to  bring  aboiit  fatty  degeneration  even  in 
the  liver  of  human  beings,  is  shown  by  the  case  of  Private  Patrick  Smith, 
8th  Infantry,  who  died  in  Havana  on  tlie  9th  day  of  his  illness  (Case 
Xo.  T  in  Wasdin  and  Geddings’  Eeport)."'  B.  icteroides  was  isolated 
from  the  blood  of  this  case  4  days  before  death  l»y  these  observers,  and 
again  at  autopsy  by  Agramonte.‘*  The  liver,  however,  neither  at  autopsy 
nor  n])on  carefnl  microscopic  examination  showed  any  trace  of  fatty  de¬ 
generation,  but  only  limited  areas  of  necrosis,  invaded  by  leucocytes 
(Pig.  2,  Plate  XIX).  Although  there  was  no  intestinal  ulceration  pres¬ 
ent  in  this  case,  Agramonte  isolated  at  autopsy  also  the  typhoid  bacillus, 
a  culture  of  wbich  we  have  been  permitted  to  examine  and  verify.  In 
this  case,  tliei’efore,  B.  icteroides,  which  was  present  in  tlie  blood  four 
days  before  death,  did  not  produce  that  fatty  degeneration  of  the  liver 
which  is  so  constant  in  yellow  fever  (Pig.  3,  Plate  XIX). 

The  focal  necroses  Avhich  we  have  observed  in  the  livers  of  dogs  inocu¬ 
lated  with  these  two  bacilli  have  been  re])orted  also  by  Poa  ^  in  the  liver 
of  a  dog  inoculated  with  Sanarelli’s  bacillus. 

rigeons. — Bruschettini  ™  states  that  a  small  (piantity  of  a  virulent  cul¬ 
ture  of  13.  icteroides  when  injected  into  the  breast  muscle  of  tin*  ])igeon 
causes  a  fatal  infection.  In  his  hands  the  injection  of  2  cc.  of  the  culture 
killed  one  ])igeon  after  12  days.  By  inoculating  successive  pigeons  with 
blood  obtained  at  autojisy,  he  was  able  to  ])roduce  death  in  4  or  5  days. 
Besides  swelling  and  discoloration  at  the  site  of  the  inoculation,  there 
was  enlargement  of  the  s])leen  and  diffuse  gastro-enteritis.  !Microscopic- 
ally,  the  breast  muscle  was  tlie  seat  of  marked  fatty  degeneration. 

We  luu'e  injected  a  few  ])igeons  with  B.  icteroides  and  found  them 
tolerably  I'esistant  to  tins  organism.  Less  than  3  cc.  of  a  24-hour 
bouillon  culture  injected  into  the  jiectoral  muscle  has  not  sufficed  to 
bring  about  death.  3  cc.  generally  cause  death  after  o  days,  but  have 
occasionally  failed  to  kill.  We  have  found  marked  swelling  at  the  jioint 
of  injection,  together  with  widesjiread  necrosis  of  the  breast  muscle  in¬ 
terspersed  with  areas  of  luvmorrbage,  'Phe  spleen  was  enlarged,  and 
the  mucosa  of  the  small  intestine  injected.  Cultures  were  positive  from 
the  wound,  blood  and  organs. 


«  Molkol  Xcirx,  Ix.W,  p.  8gl. 

Keport  on  tlie  Cause  of  Yellow  Fever.  U.  S.  Marine  Hospital  Service,  Washing¬ 
ton,  IH'.l'.l. 

t  ’ciitnilhl.  f.  Jjdftcrioloi/k ,  ISil'.l,  x.w,  p.  tUll. 

Ofi.  cit.,  p.  1 1  •'). 
dp.  lit.,  p.  oils. 


AValter  liecd  and  James  Carroll 


249 


Microscopically,  the  nuiscle  fibres  are  found  to  be  nmcb  swollen  and  to 
have  undergone  complete  necrosis. 

The  greater  resistance  shown  by  pigeons,  as  compared  with  the  smaller 
laboratory  animals,  to  infection  with  Jf.  icteroides  is  also  manifested 
toward  the  liog-cholera  bacillns.  'I'he  widespread  necrosis  at  the  site 
of  inoculation  is  common  to  both  of  these  bacilli. 

Swi)ic.—(h\v  experiments  with  these  animals  have  consisted  in  feeding 
them  with  pure  cultures  of  B.  icteroides,  as  well  as  with  the  viscera  of 
infected  ])igs.  We  have  also  exposed  young  jrigs  to  natural  infection 
by  confining  them  in  boxes  in  which  other  swine  liad  died  after  l)eing 
fed  with  Sanarelli’s  bacillus. 

E.r/).  /. — Young  j)ig  Xo.  919;  weight  1()!|  lbs.  March  G,  1899,  1  P.  M., 
was  fed  'i~>  cc.  of  a  21-honr  plain  liouillon  culture  of  lb  icteroides, 
original,  which  had  passed  through  one  guinea-pig.  The  culture  was 
fed  in  a  pint  of  milk.  Pectal  temperature  prior  to  feeding.  102.4°  F. 
The  animal  apjieared  ill  on  the  following  day,  ate  hut  little 
and  persisted  in  lying  down.  Temjreratnre,  9.30  A.  lO.').!)®; 

3  lb  ;M.,  10r).G°.  ^larch  8,  tenurerature  9  A.  ^1.,  104.2°;  3 

P.  M.,  101°.  Animal  I'efnses  food  and  shows  weakness  of  the  hind  ex¬ 
tremities.  March  9,  tempeiatni'e  9.30  A.  ^1.,  102. G°;  3  P.  ^1..  103.4°. 
March  10,  tenpreratnre  9.30  A.  31.,  101.8°;  3  P.  31.,  102°.  Slight  diar- 
rlima  appears  on  this  date.  3Iarch  11,  tem])evalnre  9.30  A.  31..  9.‘)..')°; 
3.30  P.  31.,  102.8°.  Slight  diarrho'a  continues.  Animal  has  refused  all 
food  for  2  days.  Heath  (i  P.  31.,  3Iarch  11. 

Autopsy  10.30  A.  31..  31arch  12,  the  i)ig  having  been  kept  on  ice  in 
the  meanwhile.  Xo  lesions  on  lips  or  in  mouth.  31arked  injection  of 
snhcntaneons  tissues.  Axillary  glands  swollen.  Abdominal  cavity  con¬ 
tains  about  29  cc.  of  Idood-staincd  serum.  Both  layers  of  peritoneum 
congested.  Omental  vessels,  as  well  as  jucsenteric.  are  much  engorged. 
3rcsenteric  glands  swollen  and  injected.  Spleen  swollen,  soft,  congested. 
.Liver,  attached  to  dia])hragm  by  moderately  firm  adhesions,  is  of  a  dark 
color,  and  on  cut  surface  shows  a  number  of  small,  irregular,  yellowish, 
hile-stained  areas.  (Jail-bladder  moderately  distended  with  dark,  green¬ 
ish,  thick  bile;  its  mucous  membrane  deeply  injected.  Kidneys  swollen, 
cortex  pale.  ])yiamids  congested.  Lungs  normal;  no  fluid  in  pleural 
sacs.  Stomach  normal.  lu  the  lower  two-thirds  of  the  ileum  there 
were  a  nnmher  of  eiretimserilH'd  areas  of  diphtheritic  inflammation.  The 
large  intestine  is  the  seat  of  extensive  diphtheritic  inflammation  begin¬ 
ning  a  few  inches  below  tlu>  ileoea'cal  valve;  its  mucous  membrane  con¬ 
gested.  swollen  and  covered  with  an  adherent  tibrinons  exudate.  This 
condition  <>.\tends  about  18  inches  down  the  gut.  Below  this  point  there 
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are  numerous  circumscribed  supcilieial  erosions  until  the  rectum  is 
reached,  which  shows  no  lesions. 

Cultures  from  the  blood,  liver,  spleen,  kidney  and  mesenteric  gland  are 
positive. 

Bup.  II. — Pig  No.  927;  weight  14  lbs.  March  12,  1899,  was  fed  a 
portion  of  the  viscera  obtained  from  pig  919.  Temperature  before  feed¬ 
ing  was  103.5°,  12  M.  March  15,  animal  shows  decided  symptoms  of 
sickness.  Temperature  9  A.  M.,  104.G°;  4  P.  M.,  106.4°.  Refuses  all 
food  to-day.  The  fever,  with  lack  of  appetite,  continued  until  March  18. 
From  this  time  animal  improved  and  fever  subsided.  Was  killed 
March  31. 

No  fluid  in  abdominal  cavity.  Spleen  slightly  congested  and  firm. 
Liver  normal  in  appearance.  In  the  lower  two  feet  of  the  ileum  the 
mucosa  is  uniformly  and  deeply  injected.  The  large  intestine,  beginning 
with  the  cascum,  contains  a  number  of  round  or  irregular  healing  ulcers. 
Some  of  the  ulcers  show  a  slightly  raised  margin  and  appear  to  be  in 
various  stages  of  cicatrization. 

Cultures  from  blood,  organs  and  mesenteric  glands,  negative. 

As  in  these  two  experiments  the  animals  were  confined  in  a  room 
where  a  dog  had  died  a  few  weeks  previously  from  the  intravenous  in¬ 
jection  of  the  hog-cholera  bacillus,  Ave  procured,  as  a  matter  of  precau¬ 
tion,  a  second-story,  Avell-isolated  room,  with  cemented  floor  in  Avhich 
no  animals  had  ever  been  inoculated.  Four  new  wooden  boxes  Avere  pro¬ 
cured,  and  in  each  of  these  a  young  pig  Avas  placed  on  April  G,  1899. 
These  animals  had  been  purchased  in  open  market  and  Avere  fat  and 
healthy  in  appearance. 

As  a  result  of  feeding  these  pigs  Avith  cultures  of  B.  icteroides,  the 
animals  promptly  sickened  and  died  from  the  6th  to  the  12th  day  after 
inoculation.  We  give  protocols  of  some  of  these  experiments: 

Exp.  III. — Young  pig  No.  97G;  Aveight  15  lbs.  April  8,  1899,  3  P.  M., 
fed  25  cc.  of  a  bouillon  culture  of  B.  icteroides,  original,  Avhich  had 
passed  through  one  guinea-pig  Temperature  before  inoculation,  102°  F. 
April  10  there  Avas  diarrhoea  Avith  thin  yelloAV  stools  of  pea-soup  con¬ 
sistency.  Temperature  11  A.  M.,  10G.2°;  4  P.  M.,  107°.  April  14,  fcA'cr 
and  diarj'hoea  continue;  animal  sIioavs  distinct  Aveakness  in  hind  extrem¬ 
ities,  standing  Avith  back  arched.  Temperature  9  A.  M.,  101.5°;  4  P.  M., 
104°.  From  this  date  animal  grcAv  Aveaker,  refused  all  food,  and  died 
2.15  P.  M.  April  17,  nine  days  after  feeding.  Weight  after  death  94  lbs. 

Autopsy  one  hour  after  death.  No  lesions  in  mouth  or  on  lips.  Some 
injection  of  subcutaneous  tissues.  Inguinal  glands  enlarged.  No  fluid 
in  abdominal  cavity.  Small  intestine  generally  congested.  Spleen  pale 
and  firm,  not  SAvollcn.  Liver  of  dark-red  color.  Stomach  contains 
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several  somewhat  curved  linear  nlcers  with  haemorrhagic  base.  Small 
area  of  haemorrhage  beneath  peritoneal  coat  of  dnodenum.  A  second 
similar  area  over  surface  of  ileum.  Mesenteric  glands  sw’ollen.  Mucosa 
of  small  intestine  congested  throughout  and  swollen.  The  caecum  and 
large  intestine  are  the  seat  of  marked  diphtheritis  with  abundant  yellow¬ 
ish-gray  exudate  which  covers  the  mucous  membrane  as  a  lining;  there 
are  also  distinct,  irregular  ulcers  whose  surfaces  are  covered  with  bile- 
staiiied  necrotic  material.  These  ulcers  are  also  found  in  the  rectum. 
Lungs  normal. 

Cultures  from  abdominal  cavity,  blood,  bile,  liver,  kidney,  urine  and 
spleen,  sterile;  from  mesenteric  gland,  positive. 

Exp.  IV. — Yotmg  pig  No.  977;  weight  12^  lbs.  April  8,  1899,  3  P.  M., 
fed  15  cc.  of  a  21-hour  bouillon  culture  of  B.  icteroides,  original,  which 
had  passed  through  one  guinea-pig.  Temperature  before  feeding,  103°. 
April  10,  the  animal  eats  but  little;  has  thin,  pea-soup-looking  stools. 
Temperature  11  A.  M.,  103.5°;  4  P.  M.,  105°.  This  diarrhoea  and 
fever  continued,  followed  by  increasing  weakness  and  death  on  April  14, 
1899,  after  G  days. 

At  autopsy  there  are  three  ulcers  on  the  mucous  membrane  of  the 
upper  lip.  Two  are  very  small  and  undergoing  cicatrization.  The  third 
is  nearly  circular  in  outline,  depressed,  and  with  margins  brightly  in¬ 
jected.  It  measures  7x8  mm.  A  similar  ulcer  with  necrotic  centre  is 
present  on  the  lower  lip.  Inguinal  glands  swollen,  pale.  Parietal  and 
visceral  peritoneum  generally  injected.  Spleen  small.  Liver  injected. 
Kidneys  show  cloudy  cortex.  ]\Iesenteric  glands  swollen  and  congested. 
Mucosa  of  stomach  much  congested  over  the  greater  curvature.  Several 
small  ulcers  measuring  2  to  3  mm.  in  diameter  are  found  in  this  region. 
I'lach  ulcer  bears  a  whitish  superficial  slough.  Upon  scra])ing  this  away, 
a  small  crater-like  excavation  is  exposed.  The  mucosa  of  the  small 
intestine  is  swollen  and  congested  throughout.  In  the  lower  six  feet  of 
the  ileum  there  are  numerous  small  idcers  with  superficial  sloughs. 
There  is  also  seen  a  Peyer’s  patch  with  thickened  margins  and  excavated 
centre,  the  whole  being  covered  with  a  thick,  bile-stained  necrotic  ma¬ 
terial.  For  a  distance  of  two  feet  above  the  ileocaecal  valve,  the  entire 
surface  of  the  mucous  membrane  has  undergone  necrosis.  There  is  also 
diffuse  necrosis  of  the  mucous  membrane  of  the  enecum  and  of  the  large 
bowel  for  a  distance  of  about  two  feet  (Fig.  A).  Below  this  point  there 
are  a  number  of  discrete  ulcers,  the  intervening  mucous  membrane  being 
swolleir  and  injected.  These  ulcers  are  less  numerous  in  the  rectum. 

Cultures  from  the  blood  and  spleen,  negative;  from  liver  and  mesen¬ 
teric  glands,  ]iositive. 
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Bxp.  rV. — Young  ])ig  Xo.  OT!*;  weight  11  lljs.  April  10,  1890,  fed 
15  le.  of  a  21-hoiir  bouillon  culture  of  H.  icteroicles,  original,  passed 
through  one  guinea-pig.  The  same  clinical  picture  was  seen  as  in  pre¬ 
ceding  experiments,  viz.,  diarrhoea,  fever  beginning  on  April  12,  and 
this  followed  by  weakness,  emaciation  and  loss  of  strength  in  hind  legs. 


Fig.  a.  Fig.  B. 


Fig.  a. — Colon  of  ho<;  sbowinj^  “cork-lining”  appearance  due  to  e.xcessive  thick¬ 
ening  and  necrosis  of  the  mucous  membrane.  Death  on  0th  day  after  ingestion  of 
1.5  cc.  of  a  bouillon  culture  of  B.  icteroides. 

Fig.  B. — Circumscribed  nodular  thickening  in  submucosa  of  large  intestine  of  hog. 
Death  on  12th  day  following  ingestion  of  15  cc.  of  a  bouillon  culture  of  B.  icteroides. 

Subnormal  temperature  observed  on  April  18  and  continued  till  death, 
on  April  22,  1899,  after  12  daj’s. 

Xo  lesions  on  lips  or  in  the  mouth.  Inguinal  and  cervical  glands 
swollen.  Both  layers  of  peritoneum  injected.  ^Mesenteric  glands 
swollen.  Spleen  small  and  firm.  Liver  congested.  There  is  a  distinct 
grayish  diphtheritic  exudate  upon  the  mucous  membrane  of  the  cesoph- 
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agiis,  which  heconies  more  mai'ked  at  the  lower  end.  A  circu inscribed 
patch  of  (liphtlieritis  is  found  near  the  cardiac  end  of  the  stomach  and 
several  small,  shallow  ulcers  witli  luemorrliagic  bases  along  the  lesser 
curvature.  A  few  inehes  below  the  pyloric  orifice  there  is  a  circnlar. 
raised,  bntton-like  mass,  measuring  T  mm.  in  diameter  l)y  o  mm.  in  thick¬ 
ness.  Over  this  mass,  the  mucosa  is  intact.  It  projects  slightly  on  the 
peiitomal  surface.  The  mucosa  in  the  lower  ileum  is  swollen  and  con¬ 
gested.  Small  suiierticial  erosions  are  found  in  this  part  of  the 
gut.  Two  small  ulcers  are  situated  on  the  ileociecal  valve.  The  caecum 
contains  a  few  idcers  covered  with  a  grayish,  dirty-looking  dijihtheritic 
exudate.  Areas  of  circumscribed  dijditheritis  are  also  present.  The 
mucosa  in  the  upper  part  of  the  howel  is  swollen  and  congested.  Com¬ 
mencing  at  a  point  about  12  inches  helow  the  ca'cum.  the  bowel  is 
studded  with  numerous  grayish,  firm.'  elevated  nodtdar  masses,  varying 


Fig.  C. 


Fig.  C. — Section  of  one  of  the  nodules  of  Fiii.  B,  sliowing  central  necrosis,  x  24. 


from  4  to  <  mm.  in  diameter.  Over  most  of  these  the  mucosa  appears 
to  be  intact,  but  a  few  show  a  central  necrosis.  Tliese  nodules  are  absent 
from  the  rectum.  They  ajipear  to  he  situated  in  the  snhmucosa  and  pro¬ 
ject  slightly  on  the  peritoneal  surface  of  the  howel  (see  Figs.  B  and  C). 

Cultures  from  blood,  sjdeen,  liver  and  kidney,  sterile;  from  mesen¬ 
teric  gland,  positive. 

It  is  im])ortant  to  note  that  in  Exiieriments  T,  111,  TV  and  Y  (the 
last  jirotocol  we  have  omitted),  we  obtained  in  pure  culture  a  small 
activtly  motile  hacillus,  which  u])on  being  transferred  to  Loefller’s  blood 
serum,  showed  the  same  sparse  growth  as  has  already  been  described  for 
B.  icteroides,  original.  The  cnlture  obtained  in  Fxiieriment  VI  was 
accideutally  destroyed  before  it  could  be  further  examined.  In  Experi¬ 
ment  VII.  however,  (whose  ])rotocol  we  do  not  give),  in  addition  to  the 
acute  lesions  of  the  hamiorrhagic  type  of  hog-cholera,  there  were  present 
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on  microscopical  examination  of  sections  of  the  colon,  well-defined 
necrotic  areas  in  the  snbmucosa.  Death  occurred  on  the  11th  day  after 
feeding  15  cc.  of  a  bouillon  culture  of  B.  icteroides,  original.  From  the 
blood,  spleen,  liver,  kidney  and  mesenteric  gland,  there  was  obtained, 
in  pure  culture,  a  bacillus  which  corresponded  in  morphological  and 
biological  characters  to  B.  icteroides,  original.  One  pig.  Experiment 
VIII,  resisted  repeated  feedings  of  B.  icteroides,  original. 

In  order  to  ascertain  whether  the  domestic  pig  could  be  naturally  in¬ 
fected  with  B.  icteroides  when  placed  in  conditions  favorable  for  acquir¬ 
ing  the  infection,  the  following  experiment  was  made: 

Exp.  IX. — Young  pig  No.  995;  weight  10  lbs.  Lips  and  mouth 
free  of  lesions.  April  35,  1899,  Avas  placed  in  the  box  in  which  pig  978 
had  died  on  April  17,  1899.  Temperature  before  being  placed  in  the 
box,  103°.  The  animal  ate  its  food  heartily  and  showed  no  sign  of  sick¬ 
ness  nor  fever  until  May  3,  1899,  nine  days  after  exposure.  On  this  date 
its  rectal  temperature  at  4  P.  M.  was  10G.3°.  From  this  time  the  pig 
apjieared  to  be  sick,  ate  but  little  and  became  emaciated  and  weak.  Fever 
varying  from  105°  A.  M.  to  106.1°  P.  M.,  continued  till  May  9;  there 
was  no  diarrhoea  observed  at  any  time.  May  11,  temperature  subnormal. 
Death  May  12,  1899,  after  17  days. 

Autopsy  6  hours  after  death.  The  skin  of  all  of  the  extremities  shows 
a  bright  flush.  There  are  several  small  ulcers  undergoing  cicatrization 
on  both  lips.  Lymph-glands  moderately  enlarged.  Mesenteric  vessels 
congested;  mesenteric  glands  swollen;  through  the  Avail  of  the  large  in¬ 
testine,  numerous  pale,  circular,  opaque  areas  are  visible;  these  measure 
from  2  to  6  mm.  in  diameter.  Spleen  enlarged  and  dark  in  color.  Liver 
congested.  Kidneys  sA\mllen;  cortex  thickened  and  cloudy;  pyramids  in¬ 
jected.  Near  the  cardiac  orifice  of  the  stomach  there  are  several  small 
roundish  ulcers  Avith  raised  grayish  sloughs.  The  fundus  of  the  stomach 
is  deeply  injected  and  of  a  raspberry-jam  color.  Mucosa  of  loAver  ileum 
sAVollen  and  hypera;mic.  The  caecum  is  studded  Avith  small  idcers  bear¬ 
ing  yelloAvish  or  grayish  sloughs.  The  valve  is  surrounded  by  similar 
ulcers  Avhich  encroach  upon  its  base.  These  ulcers  are  also  present  in  the 
large  boAvel,  together  Avith  numerous  roundish  areas  of  superficial 
necroses.  Those  are  also  found  in  the  rectum.  Thoracic  organs,  normal. 

Culluros  from  blood,  liver,  kidney,  spleen  and  mesenteric  gland, 
positive. 

Of  three  other  ]u‘gs  exposed  to  natural  infection,  Ainder  like  conditions, 
two  died  after  27  and  40  fla3fs,  respectAely,  and  one  remained  unaffected. 

We  have  also  succeeded  in  producing  a  fatal  infection  in  tAvo  pigs  by 
feeding  the  viscera  of  pigs  that  have  recently  died  from  acute  infection 
with  B.  icteroides,  death  occurring  in  these  cases  after  15  and  16  days 
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respectively.  The  lesions  in  these  various  animals  corresponded  with 
those  already  described. 

Trom  the  mesenteric  glands  of  each  of  these  pigs  we  have  isolated  in 
pure  culture  a  bacillus  which  agreed  in  its  sparse  development  on  blood- 
serum  with  B.  icteroides. 

The  foregoing  experiments  with  the  domestic  pig  were  made  with 
B.  icteroides,  original,  which  had  been  passed  througli  the  body  of  one 
guinea-pig. 

In  order  to  ascertain  whether  the  cultures  of  this  bacillus  which  had 
been  obtained  from  other  sources,  Avould  bring  aboui  a  fatal  infection 
in  young  swine,  Ave  made  the  folloAving  experiments: 


Fig.  D. — Section  of  a  nodular  mass  iinjilicatinu;  tlie  several  coats  of  the  small  intes¬ 
tine  of  a  hog.  Death  on  42d  day  after  being  fed  C.A  cc.  of  a  bouillon  culture  of  B. 
icteroides.  <«,  central  necrosis ;  polynuclear  leucocytes,  x  54. 


Exp.  A'F. — Young  pig  Xo.  1072;  Aveight  13-1-  lbs.  June  27,  1899,  fed 
25  cc.  of  a  24-hour  bouillon  culture  of  B.  icteroides,  Havana.  The 
symptoms  presented  by  this  animal  Averc  similar  to  those  already 
recorded,  viz.,  diarrhoea,  loss  of  appetite  and  gradual  emaciation.  There 
Avas  no  fever.  The  diarrhoea  Avas  of  an  intermittent  character.  Tem¬ 
perature  became  subnormal  on  July  23,  and  remained  so  until  the  date 
of  death,  August  11,  1899.  Weight  after  death,  74  lbs. 

Autopsy  10  hours  after  death.  Several  healed  erosions  on  lips.  Both 
lungs  injected  and  dotted  Avith  ecchymoses.  Abdominal  cavity  contains 
about  5  cc.  of  slightly  turbid  serum.  Spleen  slightly  enlarged,  firm, 
capsule  thickened.  Liver  enlarged  and  of  pale  color.  Kidney  shoAvs 
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tliickoiiod  and  cloudy  cortex;  jiyrainid?  pale.  Stoinacli  iionual.  The 
inuco«i  of  the  u])per  ileiiin  is  swollen  and  injected  and  shows  circinn- 
scnl)ed  ]iatches  covered  with  a  thin  ‘jrayish  exudate.  At  a  point  about 
9  feet  helow  the  pyloiais  there  are  two  sharply  circumscribed,  round, 
nodular  masses  which  ap])ear  to  be  situated  in  the  snbmncosa.  They  are 

8  mm.  in  diameter  and  ])roject  prominently  toward  the  peritoneal  sur¬ 
face.  The  mucosa  is  distinctly  raised  by  these  nodules,  but  a|)pears  to 
be  intact.  Scattered  throu<ih  the  ileum,  singly  or  in  groups,  there  are 

9  other  neoplastic  growths  of  like  character.  Some  of  these  involve  the 
entire  thickness  of  the  bowel  and  show  on  the  mucous  surface  a  distinct 
central  necrosis  (see  Fig.  D).  The  central  necrosis  in  several  of  these 
button-like  masses  bas  reached  the  ])eritoneal  surface  and  resulted  in 
adhesions  to  the  omentum.  A  few  irregular,  superficial  ulcers  are  found 
in  the  cfecum  and  large  intestine,  including  the  rectum. 

Cultures  from  the  blood,  sterile;  from  the  abdominal  cavity  and  bile, 
the  colon  bacillus;  from  the  liver,  in  ])ure  culture,  a  few  colonies  of  an 
actively  motile  bacillus  which  grows  s])arsely  and  slowly  on  Loeffler's 
blood  serum,  and  which  corresponds  in  its  cultural  characters  with  B. 
icteroides. 

Exp.  XVf. — Young  ]ng  Xo.  10T3;  weight  14  lbs.  June  27,  1899,  fed 
25  cc.  of  a  24-bonr  bouillon  culture  of  15.  icteroides,  Santiago.  Same 
symptoms  as  iu  ])receding  ex])erinient.  Xo  fever.  July  11,  animal  has 
lost  flesh;  eats  bid  little  and  shows  weakness  in  hind  extremities.  From 
July  14  the  tenpierature  was  subnormal  till  death  on  July  31,  1899,  34 
days  after  feeding. 

Autopsy  immediately  after  death.  Both  lungs  dotted  with  a  few  dis¬ 
crete  subpleural  ecchymoses;  otherwise  normal.  S])leen  enlarged,  firm. 
Liver  of  light,  yellowish  color;  fatty.  Xo  lesions  in  stomach.  The 
small  intestine  contains  a  number  of  the  shar])ly  defined  nodular  masses, 
such  as  have  already  been  described  in  the  preceding  experiment.  There 
are  also  areas  of  di])htheritis  and  idceration  in  the  caecum  and  large  intes¬ 
tine,  including  the  rectum.  Cultures  sterile. 

At  this  time  our  attention  was  called  to  the  negative  results  obtained 
by  Wasdin  and  Ceddings’'  from  feeding  ])igs  with  large  c|uantities  of  a 
pure  culture  of  B.  icteroides  in  an  experiment  made  at  Delaware  Break¬ 
water.  The  conclusion  arrived  at  by  these  observers — “that  the  do¬ 
mestic  jiig  is  inca])able  of  infection  by  the  Bacillus  icteroides  when  intro¬ 
duced  through  the  intestinal  or  digestive  tract  ” — was  so  absolutely  con¬ 
tradictory  to  the  results  obtained  by  us.  that  we  ])roceeded  once  more 
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to  rojieat  oiir  observations,  taking-  eare  that  these  slionld  be  guarded  by 
every  jiossilile  ])reeantion. 

With  tliis  object  in  view,  we  jiroenred  four  young  pigs  from  the  same 
litter.  On  Septemlier  T,  1809,  these  jiigs  were  placed  in  a  separate  build¬ 
ing  where  hogs  had  never  been  ke])t.  Their  average  weight  at  this  time 
was  I’Cj  lbs.,  the  smallest  weighing  11,  and  the  heaviest  13  lbs.  They 
were  retained  under  observation  until  Se])temher  2(>,  at  which  date  their 
average  weight  was  14]  lbs.  All  apiteared  to  he  in  excellent  condition. 
On  this  date  one  of  the  ])igs  was  killed  and  autopsied,  with  the  result 
that  its  organs  and  digestive  tract  were  found  to  he  entirely  free  of 
lesions.  Cultures  negative.  On  the  same  day  the  three  remaining  pigs 
were  sent  to  the  Soldiers'  Home,  Washington,  1).  C.,  where,  as  far  as  we 
can  ascertain,  bogs  have  never  been  ke])t.  One  of  the  ])igs,  weight  14] 
lbs.,  was  ])laeed  in  a  se])arate  room  to  serve  as  a  control.  The  remaining 
two  ■|)igs  were  fed  cultures  of  B.  icteroides,  with  the  following  result: 

Exf).  XVII. — Young  ])ig  Xo.  1128,  weight  15]  Ihs.  Xo  lesions 
about  lips  or  mouth.  Se])temher  21,  18tlt),  fed  50  cc.  of  a  4-day  bouillon 
culture  of  B.  icteroides,  original,  which  had  recently  been  recovered  from 
the  blood  of  rabbit  Xo.  1120.  September  30,  the  animal  has  refused 
food  and  has  had  a  slight  diarrhiea.  Drinks  water  freely.  October  4, 
condition  same;  eats  but  little;  weight  13  lbs.,  a  loss  of  2]  lbs.  in  one 
week.  The  control  pig  on  this  date  has  gained  1]  Ihs.  Was  again  fed 
200  ce.  of  the  .‘same  culture.  October  1  1.  animal  has  slowly  improved  in 
condition;  has  more  a])petite;  weighs  14  Ihs.,  a  gain  of  1  Ih.  From  this 
date  the  ]ug  recovered  rapidly.  Xovemher  8,  weight  10]  lbs.  Animal 
killed.  Xo  lesion  found  in  any  of  the  organs  or  digestive  tract. 

Cultures  from  organs  and  mesenteric  gland  negative. 

That  this  animal  was  made  sick  by  feeding  with  B.  icteroides  was  shown 
by  the  loss  of  api)etite.  transient  diarrlnea.  and  loss  of  weight  during  the 
first  week. 

It  is  of  interest  to  note.  also,  as  ])ointing  to  infection  that  the  serum 
of  this  pig  drawn  on  October  28  and  Xovember  8,  in  dilutions  of  1  to 
120.  caused  arrest  of  motility  and  good  agglutination  of  B.  icterojdes  at 
the  end  of  one  hour,  whereas  the  serum  of  the  control  ])lg  in  dilution  of 
1  to  20  was  entirely  negative. 

Exj).  XV ! If. — Y'oung  ])ig  Xo.  1130;  weight  13]  lbs.  Xo  lesions  about 
li|)s  or  mouth.  September  2T,  1899.  fed  50  cc.  of  a  4-day  bouillon  cul- 
ture of  B.  icteroides.  original,  received  from  Boux’s  laboratory,  and  which 
had  been  cidtivated  on  agar  for  the  ])ei'iod  of  two  years  without  ]iassage 
through  any  animal.  September  30,  animal  has  been  sick  since  the 
<lay  following  the  feeding.  TTas  diarrhma  and  has  lost  flesh.  October 
4.  diarrhoeal  diischarges  continue;  weakness  in  hind  extremities;  weight 
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9  lbs.,  a  loss  of  4'J  lbs.  in  seven  days.  Was  again  fed  50  cc.  of  the  same 
culture  in  milk,  which  it  partially  drank.  Death  7  P.  M.,  October  7, 
1899,  at  the  end  of  10  days.  Weight  after  death,  8-^-  lbs. 

Autopsy  at  noon,  October  8,  1899,  the  body  having  been  kept  in  ice¬ 
box.  Two  circular  ulcers  Avith  indurated  margins  and  necrotic  centres 
on  inner  surface  of  lower  lip;  one  measures  2.5  ram.,  the  other  5  mm.  in 
diameter.  Inguinal  glands  SAVollen.  Lungs  slightly  injected  through¬ 
out.  The  abdominal  cavity  contains  10  cc.  of  clear  serum.  Visceral 
peritoneum  generally  injected.  Mesenteric  glands  swollen.  Spleen 
moderately  enlarged,  soft,  dark  in  color.  Liver  congested,  firm,  mark¬ 
ings  obscure.  Kidneys  SAvollen,  pale;  cortex  cloudy.  The  ocsoidiagus  is 
congested  throughout.  The  fundus  of  ihe  stomach  is  also  much  con¬ 
gested.  There  are,  in  addition,  near  the  cardiac  opening,  several  ele¬ 
vated,  sharply  circumscribed  patches  of  necrosis.  The  mucosa  of  the 
duodenum  and  of  the  loAver  ileum  is  swollen  and  deeply  congested.  The 
mucosa  of  the  caecum  shows  areas  of  necrosis.  In  the  large  bowel  this 
necrosis  becomes  diffused  and  general,  involving  the  entire  surface  of  the 
gut  for  a  distance  of  18  inches.  Below  this  point  there  are  discrete  ulcers 
covered  with  bile-stained  exudate.  These  occur  also  in  the  rectum. 

Cultures  from  the  liver  and  mesenteric  gland,  positive.  Small  pieces 
of  a  mesenteric  gland  Avere  also  placed  beneath  the  skin  of  a  rabbit.  The 
latter  died  on  the  8th  day.  Cultures  obtained  from  the  rabbit,  as  Avell 
as  those  from  the  pig’s  liver  and  mesenteric  gland  by  direct  cidture,  give 
in  pure  culture  an  actively  motile  bacillus  Avhich  groAvs  sparingly  on 
blood-serum. 

The  control  pig  Avas  killed  on  November  9.  Weight  17^  lbs.  At 
auto})sy  no  lesions  Avhatever  Avere  found  in  the  organs  or  digestive  tract. 
Cultures  negative. 

V'e  believe  that  the  last-mentioned  expei’iment  Avill  bear  the  most 
rigid  scrutiny,  and  that  it  proves  conclusively  that  B.  icteroides,  original, 
Avhen  fed  to  the  domestic  pig,  Avill  cause  a  fatal  infection. 

That  an  acute  infection  may  be  produced  in  swine  not  only  by  feeding 
pure  cultures  of  B.  icteroides,  but  that  the  disease  may  also  be  naturally 
acquired  by  these  animals  after  exposure  in  infected  pens  is,  Ave  think, 
of  especial  importance  Avhen  taken  in  connection  Avith  the  comparison 
of  the  experimental  lesions  already  obtained  in  other  animals. 

If  Ave  conqiaro  the  lesions  produced  in  the  domestic  pig  infected  Avith 
B.  icteroides  Avith  those  found  in  SAvine  that  have  died  of  hog-cholera, 
it  will  be  seen  that  those  are  practically  the  same,  consisting  of  various 
necrotic,  diphtheritic  and  ulceratiA'e  processes  AAdiich,  Avhile  affecting  to 
a  less  extent  the  mouth,  stomach  and  small  intestine,  have  their  chief 
scat,  as  a  rule,  in  the  large  boAvel. 
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According  to  Welch  and  Clement/"  more  characteristic  lesions,  but  less 
often  met  in  experimental  cases,  are  the  so-called  “  buttons,”  viz.,  certain 
elevated,  circnmscribed,  round  or  oval  areas  of  necrotic  intlammation  of 
firm  consistence,  which  implicate  the  mucous  and  submucous  coats,  and 
sometimes  all  of  the  coats  of  the  bowel.  The  foregoing  experiments  will 
show  that  we  have  succeeded  in  reproducing  in  swine  infected  with  B. 
icteroides  all  of  the  acute  lesions  of  the  digestive  tract  such  as  are  found 
in  hogs  dead  of  hog-cholera.  As  regards  the  more  characteristic,  button¬ 
like  lesions  of  hog-cholera,  we  invite  attention  to  Exp.  XV,  in  which 
these  circumsci’ibed  necrotic  masses  involving  the  several  coats  of  the 
bow’el  were  found  in  a  pig  that  died  on  the  42d  day  after  being  fed  a 
culture  of  B.  icteroides,  llavaua.  We  also  observed  lesions  of  the 
same  character,  only  in  an  earlier  stage  of  development,  in  the  large  in¬ 
testine  of  jug  979,  Exp.  VI,  and  pig  991,  Exp.  VII. 

Although  we  did  not  employ  controls  in  our  earlier  experiments,  we 
consider  it  of  especial  importance  that  our  pigs  sickened  so  promptly  after 
being  fed  cultures  of  B.  icteroides,  with  such  symptoms  as  loss  of  appe¬ 
tite,  choleraic  diarrhoea,  fever,  etc.,  and  that  the  bacillus  recovered  by  us 
from  our  several  autopsies  always  showed  the  same  cultural  characters, 
viz.,  sparseness  of  growth  on  blood-serum,  limited  surface  growth  in 
gelatine  stab  cultures,  and  atypical  radiating  colonies  in  gelatine  plates, 
such  as  we  have  constantly  found  with  B.  icteroides,  original,  and  B. 
icteroides,  Havana. 

Without  entering  into  a  description  of  the  microscopic  lesions  found 
in  swine  infected  with  B.  icteroides,  we  may  state  that  the  changes  in 
the  intestine,  liver  and  kidneys  correspond  closely  with  those  seen  in 
experimental  hog-cholera.  We  have  not  observed  hyaline  thrombi  in 
the  glomerular  capillaries,  to  which  Welch  and  Clement  have  called 
attention  in  swine  dead  of  hog-cholera  and  in  animals  inoculated  with 
ihe  hog-cholera  bacillus. 

Reciprocal  Immunization. 

Additional  evidence  pointing  to  the  close  affinity  of  B.  icteroides 
and  the  hog-cholera  bacillus  may  be  found, — 

(a)  In  the  protective  influence  in  guinea-pigs  of  sterilized  cultures 
of  B.  icteroides  against  a  fatal  dose  of  the  hog-cholera  bacillus. 

(h)  In  the  protective  influence  in  guinea-pigs  of  sterilized  cultures 
of  the  hog-cholera  bacillus  against  a  fatal  dose  of  B.  icteroides. 

Reinarks  on  TToij-cliolera  and  Swine  Plajiue.  Proeeediiiirs  of  the  Thirtieth  Annual 
Convention  of  the  United  States  Veterinary  Medical  Association  and  First  Veterinary 
Congress  of  America,  p.  30().  IMiiladelpliia,  1894. 
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(c)  In  the  ininniiiity  ]mtdnee(l  in  rabbits  from  a  virulent  enltnre  of 
the  hog-eholera  baeilJns  by  the  injection  of  repeated  doses  of  a  living 
enltnre  of  B.  ieteroides  of  weak  vindence. 

(d)  In  the  reciprocal  agglutinative*  reactions  of  the  sera  of  animals 
immnnized  with  these  bacilli. 

(c)  fn  the  mntnal  reaction  shown  by  the  blood  of  yellow  fever  and 
hog-cholera  n])on  B.  ieteroides  and  the  hog-cholera  bacillus. 

Iimiiunizdtion  of  yuiiiea-piijs  from  the  hop-cholera  haciUus  with 
sterilized  cidtures  of  Jlacillus  ieteroides. 

In  onr  first  attemjits  to  produce  immunity  in  gninea-})igs,  in  wdiich 
Ave  nsed  hu*ge  doses  (1  cc.)  of  a  bouillon  enltnre  of  B.  ieteroides,  grown 
fnr  24  hours  at  -‘37°  C.,  and  afterwards  sterilized  for  one  hour  in  a 
water  bath  at  70°  we  found  that  onr  animals  generally  died  in  a 
mnch  emaciated  condition  within  about  one  Aveek  after  rc'ceiving  the 
fii’A  injection.  We  theiH'fore  r>nbstitnted  smaller  doses  (O.d  cc.),  and 
observed  that  eA’en  Avith  this  quantity  there  Avas  considerable  loss  of 
weight  Avhich  Avas  folloAved  by  death  in  some  cas(‘S.  It  Avas  for  this 
reason  that  AA’e  postjioned  a  second  injection  of  the  sterile  enltnre  nntil 
the  gninea-])igs  had  begun  to  show  a  gain  in  weight,  d'his  nsnally 
caused  the  lapse  of  about  20  days  b(‘t\v<'(‘n  the  several  injections,  as 
Avell  as  a  considerable  interval  betwe(>n  the  last  immunizing  dose  and 
the  injc'ction  of  tlie  virnlent  enltnre.  Table  JJl  shoAVS  the  results 
obtained. 

It  will  be  seen  that  of  12  pigs  in  Avliich  immnnizati<m  was  att(‘m))te<l, 

2  died  after  f‘5  and  10  days  folloAving  tin*  first  injection,  and  2  within 

3  and  6  days  after  the  second  injection  of  a  sterile  enltnre. 

Of  the  8  protected  ])igs  that  rec(“ived  0.:>  cc-.  of  a  virnlent  cidtnre 
of  the  hog-cholera  b.acillns,  one  di(‘d  on  the  14tli  day,  one  on  tlie  47th 
day  and  0  recovered. 

d  he  two  contivds  died  on  the  7th  and  11th  day  r(‘sj)ectively. 

d  he  resnlt  Avonld  a))pear  to  show  that  decided  ])rotection  had  been 
conferred  against  the  hog-choh“ra  bacillus  by  previous  injections  of 
sterih*  cidtnres  of  B.  ictei’oich's. 

Immunization  of  ijiiinea-piijs  from  />.  ieteroides  irilh  sterilized  eid- 
tares  of  the  hop-eholera  haeilhis. 

AVe  have  also  succeeded  in  conferring  inimnnity  upon  gninca-pigs 
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fi'om  B.  ieteroides  by  previous  injections  of  steriliz.ed  bouillon  cul¬ 
tures  of  tlie  bog-cbolera  bacillus.  We  submit  tbe  results  iu  Table  IV. 

As  >b(Avu  iu  tbe  table,  2  guiuea-pigs  died  within  4  and  11  days 
aft(‘r  receiving  tbe  lirst  injection  of  0.3  cc.  of  a  sterile  culture  of 

TABLE  III. 


Immi  nization  of  Guinea-figs  fkom  the  Hog  Ciioi.eka  Bacii.i.us,  with  Steu- 
ii.iZEi)  Bouili.on  Cui.tuues  of  Ictekoides,  Original. 


No. 

Date  of  in.iection  with 
sterilized  culture  of 
B.  ieteroides. 

o 

B 

e 

a 

U 

be 

S' 

(Quantity  of  sterilized 
culture  injected. 

Date  of  injection  with 
livinit  euiture  of  Hog- 
cholera  Bacillus. 

s 

i 

u 

5 

(Quantity  of  living  cul¬ 
ture  injected. 

Kemarks. 

ISO!) 

IS'IO 

1 

May  0 

41.5 

243 

. 

injection.  Cultures 

sterile. 

o 

May  0 

320 

0.3  “ 

“  :!1 

2T5 

0.3  “ 

June  10 

2.50 

1.0  “ 

July  1 

243 

0.3  cc. 

Died  July  15,  1800. 

8 

.Mav  !) 

855 

0.3  “ 

“  :!1 

300 

0.3  “ 

.luiie  10 

200 

1.0  “ 

Julv  1 
■ 

203 

0.3  “ 

Recovered. 

4 

May  0 

455 

0.3  “ 

Died  0  davs  after  sec- 

“  :;i 

305 

0.3  » 

345 

tures  sterile. 

5 

Mav  0 

300 

0.3  “ 

Died  3  davs  after  sec- 

“  31 

3T0 

0.3  “ 

201 

tures  sterile. 

0 

Mav  0 

400 

0.3  » 

“  31 

385 

0.3  “ 

.III  lie  10 

347 

1.0  “ 

Julv  1 

34  S 

0.3  cc. 

Recovered. 

7 

May  !) 

^375 

0.3  “ 

210 

Died  10  days  after  ti  rst 

injection.  Not  an- 

tojisied. 

S 

Mav  0 

200 

0.3  “ 

“  31 

220 

0.3  “ 

.luue  10 

1.0  “ 

Julv  1 

103 

0.3  cc. 

Recovered. 

it 

•Mav  0 

370 

0.3  “ 

1  “  31 

300 

0.3  “ 

.lime  10 

277 

1.0  “ 

1  Julv  1 

270 

0.3  “ 

Died  August  17,  1800. 

1(1 

Mav  !) 

335 

0.3  “ 

“  31 

303 

0.3  “ 

1 

June  10 

321 

1.0  “ 

i  Julv  1 

338 

0.3  “ 

Recovered. 

11 

Mav  !) 

340 

0.3  “ 

i 

“  31 

315 

0.3  “ 

i 

•Tune  1!) 

310 

1.0  “ 

Julv  1 

8ti7 

0.3  “ 

Recovered. 

12 

-Mav  !) 

8S5 

0  3  “ 

1 

“  31 

205 

0.3  “ 

1 

i 

j 

June  10 

278 

1.0  “ 

'  Julv  1 

312 

0.3  “ 

Recovered. 

(t'oiurol) 

^  Julv  1 

310 

1  0.::  “ 

Died  Julv  12,  1800. 

14 

'  (Control) 

■  Julv  1 

257 

0.3  “ 

Died  Juiy  8,  1800. 
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tlie  hog-cholera  hacillns.  The  remaining  10  animals  and  3  controls 
then  received  on  June  19,  0.2  cc.  of  a  virulent  culture  of  B.  icteroides, 
with  the  result  that  only  one  control  died  on  the  13th  day. 

TABLE  IV. 

Immunization  of  Guinka-figs  from  B.  icteroides,  Original,  with  Sterilized 
Bouillon  Cultures  op  the  TIog-ciiolera  Bacillus. 


d  1 

Date  of  injection  with 
sterilized  culture  of 
Hog-cholera  Hacillus. 

AVeight  in  grammes. 

Quantity  of  sterilized 
culture  injected. 

Date  of  injection  with 
living  culture  of  B. 
icteroides. 

0? 

o 

B 

a 

c5 

ic 

.5 

’S 

Quantity  of  living  cul¬ 
ture  injected. 

Remarks. 

1  S!»') 

1800 

1 

Alay  10 

740 

0.8  cc. 

•Tune  10 

700 

0.3  cc. 

“  81 

788 

1.0  “ 

July  (> 

04.5 

0.8  “ 

Becovered. 

o 

“  10 

705 

0.8  “ 

June  10 

800 

0.3  “ 

“  81 

885 

1.0  “ 

July  0 

815 

0.8  “ 

Recovered. 

8 

“  10 

083 

0.8  “ 

June  10 

785 

0.3  “ 

“  81 

740 

1.0  “ 

July  0 

732 

0.8  “ 

Recovered. 

i 

“  lit 

(i05 

0.8  “ 

June  10 

740 

0.3 

“  81 

780 

1.0  “ 

July  0 

073 

0.8  “ 

Recovered. 

5 

“  10 

700 

0.8  “ 

June  10 

755 

0.3  “ 

“  81 

770 

1.0  “ 

July  0 

703 

0.8  “ 

Recovered. 

c 

“  10 

005 

0.8  “ 

June  10 

087 

0.3  “ 

“  81 

715 

1.0  “ 

July  C 

070 

0.3  “ 

Recovered. 

7 

“  10 

008 

O.J]  “ 

.580 

Died  11  days  after  first 

injection.  Cultures 

sterile. 

8 

“  10 

.545 

0.8  “ 

500 

Died  4  days  after  first 

injection.  Cultures 

sterile. 

<) 

“  10 

783 

0.8  “ 

June  10 

705 

0.3  cc. 

“  81 

003 

1.0  “ 

July  0 

700 

0.3  “ 

Recovered. 

10 

“  10 

010 

0.8  *• 

June  10 

015 

0.3  “ 

“  81 

045 

1.0  “ 

July  6 

014 

0.8  “ 

Recovered. 

11 

“  10 

7*^7 

0.3  “ 

June  10 

073 

0.3 

“  81 

700 

1.0  “ 

July  0 

780 

0.8  “ 

Recovered. 

13 

“  10 

043 

0.8  “ 

June  10 

008 

0.3  “ 

“  81 

003 

1.0  “ 

July  0 

087 

0.8  “ 

Recovered. 

13 

1  (Control) 

June  l!l 

457 

0.3  “ 

!  July  0 

375 

0.8  “ 

jllied  Aui,^  31,  1890. 

14 

(Control) 

i  June  10 

0<l.5 

0.3  *• 

1 

July  0 

5  55 

0.8  “ 

Died  July  0,  1800. 

1.5 

(Control) 

j  June  10 

530 

0.3  “ 

IDied  July  1,  ISW. 

1  *” 

On  July  6,  therefore,  the  remaining  controls  and  the  10  protected 
guinea-pigs  Avere  again  inoculated  Avith  0.3  cc.  of  a  virulent  culture 
of  B.  icteroides.  As  the  result  of  this  second  injection,  one  control 
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died  on  tlie  3d  day  and  one  on  the  55tli  day  following  the  inocula¬ 
tion,  while  the  10  immunized  guinea-pigs  recovered. 

Immiinizatian  of  rabbits  from  the  hog-chotera  bacillus  ivitli  living 
cultures  of  B.  icteroides. 

The  culture  of  Jh  icteroides,  Havana,  isolated  from  the  cadaver 
of  Private  Patrick  Smith,  to  whose  case  we  have  already  made  ref¬ 
erence,  when  tested  hy  us  on  guinea-pigs  and  rabbits,  was  found  to 
he  of  decidedly  w^eakened  virulence  as  compared  with  the  culture  of 
this  bacillus  received  from  Koux’s  laboratory.  We  therefore  selected 
4  rabbits  which  had  survived  for  a  period  of  26  days  the  subcutaneous 
inoculation  of  0.3  cc.  of  a  24-hour  culture  of  B.  icteroides,  Havana, 
and  endeavored  to  heighten  their  immunity  by  repeated  injections  of 

TABLE  V. 


Immcnization  of  Kabhitsi  pkom  the  IIog-Choi.eka  Bacili.cs,  avith  Living 

CULTCUES  OF  ICTEKOIDES,  HAVANA. 


5^5 

■i  S 

"5  u 

■z  S 

No. 

Date  of  injection  w 
liviiifc  euiture  of 
icteroides. 

6 

JS 

'o 

Quantity  of  living  c 
ture  of  U.  icteroii 
injected. 

g  C  3 

9  3*^ 

J  r* 

c 

®  >  - 

1 

B 

u 

3 

o 

Quantity  of  living  c 
tore  of  Hog-chol< 
Bacillus  injected. 

Iteniarks. 

ISili) 

1800 

1 

An-  IS 

210.5 

O.S  cc. 

Sei)t.  D) 

0.5  u 

Oct.  (> 

0.5  “ 

Oct.  '2(> 

.... 

1.0  “ 

Still  living  at  end  of 

Nov.  IS 

1.0  “ 

Dec.  11 

2265 

0.1  cc. 

51  days. 

*> 

Aujr.  IS 

1 .520 

O.S  “ 

Sept.  IS 

0.5  “ 

Oct.  (i 

0.5  “ 

Oct. 

1.0  “ 

Still  living  at  end  of 

Nov.  IS 

1.0  *• 

Dec.  11 

1015 

0.1  cc. 

51  days. 

;; 

Anir.  IS 

1000 

O.S  “ 

Sept.  IS 

0.5  “ 

Oct.  ti 

0.5  “ 

Oct.  S<) 

1.0  “ 

Nov.  IS 

.... 

1.0  “ 

Dee.  11 

1 505 

0.1  cc. 

51  da  vs. 

4 

Ansr.  IS 

10.50 

O.S  “ 

Sept.  IS 

0.5  “ 

Oct.  <i 

0.5  “ 

Oct.  Sfi 

1.0  “ 

Still  living  at  end  of 

Nov.  IS 

1.0  “ 

Dec.  11 

‘  14S7 

0.1  cc. 

51  davs. 

(Control) 

(Control) 

Dec.  11 

1005 

0.1  “ 

Died  Dec.  IT,  ISitO. 

(i 

Dec.  11 

1000 

0.1  o 

Died  Dec.  15,  ISO'.). 

IS 
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increasing  doses  of  the  living  culture.  Later  we  injected  these  rab¬ 
bits  and  2  controls  with  0.1  cc.  of  a  virulent  culture  of  the  hog-cholera 
bacillus.  The  results  are  recorded  in  Table  V. 

While  the  controls  died  on  the  4th  and  6th  day  after  inoculation, 
the  immunized  rabbits  were  alive  and  apparently  in  good  condition 
at  the  end  of  one  month  and  25  days,  thus  demonstrating  that  an  ani¬ 
mal  so  very  susceptible  as  the  rabbit  to  B.  icteroides  and  the  hog- 
cholera  bacillus  may  be  rendered  immune  from  a  fatal  dose  of  the 
hog-cholera  bacillus  by  repeated  injections  of  a  living  culture  of  B. 
icteroides  of  weak  virulence. 

Beciprocal  Agglutinative  Reactions. 

Reciprocal  agglutinative  reaction  of  the  sera  of  animals  immunized 
from  B.  icteroides  and  the  hog-cholera  hacillus. 

Our  first  observation  was  made  with  the  serum  of  a  dog  which  had 
been  partly  immunized  by  the  intravenous  injection  of  increasing 
doses  of  B.  icteroides.  Serum  obtained  from  this  dog  at  the  end  of 
three  months,  tested  in  a  dilution  of  1  to  5,0*00,  brought  about  prompt 
arrest  of  motility  of  the  hog-cholera  bacillus  followed  by  agglutina¬ 
tion  at  the  end  of  one  hour.  The  death  of  this  dog  preA'ented  further 
tests  of  the  serum. 

A  second  observation  made  with  a  specimen  of  “  anti-amaryllic  ” 
serum  received  from  South  America,  showed  that  while  B.  icteroides 
was  agglutinated  in  a  dilution  of  1  to  120,000,  it  required  a  dilution 
of  1  to  30,000  to  bring  about  a  like  agglutination  of  the  hog-cholera 
bacillus  at  the  end  of  one  hour. 

A  third  observation  was  made  with  the  blood-serum  of  a  dog  which 
had  been  injected  with  gradually  increasing  doses  of  the  hacillus  of 
hog-cholera,  during  a  period  of  three  months.  With  this  serum, 
the  hog-cholera  bacillus  was  agglutinated  in  a  dilution  of  1  to  2,000, 
and  the  Sanai’elli  bacillus  in  a  dilution  of  1  to  600,  at  the  end  of  one 
hour. 

These  several  sera,  in  a  dilution  of  1  to  20,  were  entirely  negative 
in  their  reaction  toward  the  typhoid  bacillus  and  Bacillus  coli  com¬ 


munis. 
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Agglutinative  reaction  of  the  blood  of  yellow  fever  upon  B.  icteroides 
and  the  hog-cholera  bacillus. 

Sanarelli  lias  observed  that  the  serum  of  the  blood  of  yellow-fever 
cadavers  jirodnces  in  cultures  in  vitro  of  B.  icteroides  the  phenomenon 
of  agglutination,  but  that  the  intensity  of  this  reaction  is  very  variable. 
The  serum  obtained  in  one  case  on  the  17th  day  of  convalescence  from 
yellow  fever  produced  very  slight  aggl  ntination. 

Archinard  and  Woodson, using  the  dried  blood  of  yellow-fever  pa¬ 
tients,  in  the  estimated  dilution  of  1  to  10  to  1  to  40,  obtained  in  over 
70  per  cent  of  a  series  of  50  cases  examined  cessation  of  motion  and 
agglutination,  “  the  reaction  being  as  characteristic  as  in  typhoid  fever 
cases.”  Accordingly  they  urge  the  practical  value  of  the  serum  diag¬ 
nosis  of  yellow  fever.  In  a  later  paper,*^'  these  observers  report  that 
the  reaction  is  present  in  over  80  per  cent  of  cases  of  yellow  fever 
or  of  recent  convalescents. 

Wasdin  and  Geddings“  failed  to  confirm  the  observations  of  Arch¬ 
inard  and  Woodson.  As  the  outcome  of  their  experience  with  the 
test,  using  the  blood  of  yellow  fever  patients  and  the  blood  of  animals 
sick  or  dead  of  inoculation  with  B.  icteroides,  they  state:  “  The  results 
were  most  varying  and  bewildering  and  convince  us  that  whatever 
may  be  the  value  of  the  reaction  as  a  diagnostic  point  in  enteric  fever, 
it  has  little  or  none  in  yellow  fever.” 

We  have,  through  the  kindness  of  Acting  Assistant  Surgeon  A. 
Agramonte,  U.  S.  Army,  on  diity  in  Havana,  Cuba,  received  speci¬ 
mens  of  blood  from  a  number  of  cases  of  yellow  fever.  These  we 
have  subjected  to  careful  tests,  using  the  method  suggested  by  Wyatt 
Johnston  Avhich  we  have  uniformly  found  satisfactory  for  testing  the 
agglutinative  reaction  of  the  blood  of  typhoid  fever.  The  dilution 
used  by  us  was  approximately  1  to  30.  In  addition  to  making  dupli¬ 
cate  tests  of  this  blood  with  B.  icteroides  original,  we  have  also  tested 
its  action  on  the  hog-cholera  bacillus  and  on  Bacillus  A  (Archinard 

•'3 1/iinmunite  et  la  stTotlu'rai)ie  contre  la  llcvre  jaune.  Aiimdex  tie  VIimtHiit  Piixteio-, 
18i)7,  xi,  p.  7.53. 

The  Serum  Diaf^nosis  of  Yellow  Fever,  yew  Orleans  Medical  and  Snrgieal  Journal, 
189S,  1,  p.  455. 

35  Bacteriolofiieal  study  in  the  etiology  of  yellow  fever.  Xew  York  Medical  .Journal, 
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and  Woodson)/'  since  the  latter  bacillus  responded  to  agglutination 
equally  with  tlie  Sanarelli  bacillus  in  the  hands  of  these  observers. 
We  pri  sent  the  results  in  Table  YI. 


TABLE  VI. 

Agglutination  Tests  with  Dkied  Blood  fuom  Cases  of  Yelloav  Fea^ek. — 
Estimated  Dilution  1  to  :>(). — Time  4  iiouus. 


No. 

Case.  j 

Day  of 
illness. 

B.  ieteroides, 
(Orig-inal). 

Hoff-cbolera 

bacillus. 

Bacillus  “A” 
(Arcliinard  & 
Woodson). 

1 

A.  .1.  Batbon.  | 

*) 

(Doul)tful  case) . j 

Robert  Stewart.  I 

8tb 

Nea;ative. 

Negative. 

Negative. 

(I'ndisputed  case) . 1 

Otb 

“  i 

“ 

Win.  Kelirer.  j 

12tb 

“  ! 

4 

(Fatal  case) . ' 

Tom  Buclianan. 

4tb 

H  ■ 

5 

(Typical  ease) . ' 

Mike  Devenev.  j 

5tli 

i 

“ 

(5 

(Typical  case) . ' 

G.  F.  Tlionias.  i 

5tb 

tl 

(Typical  case) . ' 

J.  G.  Thatcher.  i 

Hltb 

U 

8 

(Tvpieai  case) . 

Geor«;e  Woods. 

Otb 

‘‘  j 

“  1 

0 

(Tvpieai  case) . 

Lant  Shears. 

Ttb  1 

i 

1 

10 

(Tvpieai  case) . 

Win.  Demutli. 

4tb 

11 

(Tvpieai  case) . 

B.  Dadd. 

4tb  j 

Fositive  at 
end  of  \ 
hours. 

Fositive  at 
end  of  Ij-i  j 
liou  rs. 

Fartial  ar¬ 
rest  of  motil¬ 
ity  witli  some 
agglutina¬ 
tion. 

13 

(Tyi)ical  case) . 

Win.  Shaw. 

5tb 

Negative. 

Negative. 

Negative. 

HI 

(Tvjiical  case) . 

Fred  Worrell. 

]3tb 

14 

(Tyi>ical  case) . 

Win.  J.  Moonev. 

Convalescent 

15 

j  (Typical  case — fatal)... 

Mas.  A.  Hays. 

1  3d,  14  days 
before  death. 

Not  suliici- 
ent  blood  tor 
a  fair  test. 

(Typical  case — fatal). . . 

1st  day  af¬ 
ter  admis¬ 
sion,  3  days 
before  death. 

Negative. 

(4 

Tliis  actively  motile  tiacillus  (A)  wliicli  was  isolated  liy  Arcliinard  and  Woodson 
in  aa  of  oil  autopsies  of  yellow-fever  eases,  (4  times  in  5  eases  from  the  blood  taken 
at  the  elbow),  dilfers  from  B.  ieteroides  (Sanarelli)  in  its  more  rapid  ijrovvth  and  ten- 
deney  to  spread  in  ifelatine  plates.  Tlie  colonies  are  lariije,  and  of  irren'ular  outline. 
It  does  not  coairulate  milk  nor  brim;  about  opalescence  in  this  medium;  it  ferments 
fjlueose,  but  not  lactose  or  saccliarose  ;  y:rows  freely  on  lilood  serum  and  liives  only 
a  sli”:bt  indol  reaction.  It  beloiiijs  to  the  boy;-eliolera  liroup  and  corresponds  closely 
in  its  cultural  characters  with  B.  eiiteritidis  ((lartner).  It  is  not  a  form  of  Bacillus 
coli  communis  as  stated  by  Wasdin  and  (Jeddiims  (Ueport  on  the  Cause  of  Yellow 
Fever,  j).  Hi). 
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TABLE  VI — Continued. 


No. 

Case. 

Day  of  ‘  B.  icteroides, 
illness.  j  (Original). 

Hog-cholera  ! 
bacillus.  1 

Bacillus  “A.” 
(Archinard  & 
Woodson). 

10  1 

Luis  Coloine.  ! 

' 

(Typical  case  —  recover-; 

eef) . 

0th  Negative. 

Negative. 

Negative. 

17  ! 

.1.  .1.  Douglierty.  1 

‘  1 

(Typical  case) . : 

7th  ! 

18 

Burton  Fowler.  ; 

(Typical  case) . j 

8th  “ 

11 

u 

“  . i 

13  th 

i 

“  “  . 

15th  “ 

u  1 

1!) 

Autlioiiy  Wiedner. 

(Typical  ease) . 

5th  “ 

It 

u 

“  “  . 

13  th 

30 

Tiniotliy  ilealy. 

li 

u 

(Typical  case) . 

5th 

1 

U 

“  “  . 

0th 

u 

!  ii 

31 

Ste])lieu  Scanlan . 

(Typical  case) . 

0  th  “ 

U 

i  “ 

22 

Win.  Harper . 

Convalescent  “ 

a 

'  4( 

33 

.less  Hilton . 

0th  i 

u 

ti 

34 

Clias.  Mitchell . 

j  7th 

'  4i 

35 

Ma.v  Thompson . 

0th  “ 

i  “ 

.. 

30 

Dan.  Coleman . 

0th 

1 

1 

27 

Chas.  Hodijers . 

8th  “ 

j  u 

44 

“  ‘‘  . .  .  . 

!  13th 

1 

; 

38 

Sinismund  Fichman . 

0  th  “ 

u 

; 

((  U 

i  0th 

ii 

1  '' 

“  “  . 

j  13th 

u 

44 

30 

Feodora  Fernandez . 

8th 

» 

It  will  be  seen  that  only  one  of  29  (3.4  per  cent)  samples  of  yellow 
fever  blood,  taken  on  various  days  of  the  disease,  or  during  conva¬ 
lescence,  exhibited  any  agglntinative  reaction  towards  B.  icteroides; 
and,  further,  that  this  specimen  of  blood  was  also  positive  in  its  ag¬ 
glntinative  effect  npon  the  hog-cliolera  bacillus. 

Onr  observations,  therefore,  while  agreeing  with  those  of  AVasdin 
and  (leddings,  do  not  confirm  the  results  obtained  by  Archinard  and 
AVondson  as  to  the  agglntinative  reaction  of  the  blood  of  yellow  fever 
npon  B.  icteroides. 

Agglutinative  reaction  of  the  Mood  of  liog-cliolera  upon  the  hog- 
cholera  bacillus  and  B.  icteroides. 

AA’'e  also  submit  in  Table  A"TT  the  results  of  tests  made  with  fluid 
sernm,  dried  blood  and  dried  sernm  obtained,  through  the  kind  assist¬ 
ance  of  Dr.  K.  A.  de  Seliwcinitz,  U.  S.  Department  of  Agrienltnre, 
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from  hogs  affected  with  hog-cholera.  The  material  was  obtained  im¬ 
mediately  after  death  from  animals  that  were  killed  and  upon  post¬ 
mortem  examination  pronounced  to  be  cases  of  hog-cholera  by  the 
veterinarian. 


TABLE  VII. 

Agglutination  Tests  with  Fluid  Seuum,  Dkieu  Blood  and  Duied  Seuum 
FKOM  Hogs  Supposed  to  be  Suffeking  with  Hog-cholera. — 

Time  2  to  4  Hours. 


No. 


1 

2 

3 

4 


Fluid  Serum. 

((  U 


5 

6 

7 

8 
9 

10 


Dried  Biood. 


11  “ 
12  “ 

13  “ 

14  “ 
1.5 

16  “ 
17 


18 

19 

20 


21  I  “  “ 

22 

23 

24 

25  I  “ 

20  1  “  “ 

27  \  Dried  Serum. 

28 

29  '  “  “ 

30  '  “ 

31 

32  ;  “  “ 


Material  used. 

Hog’-cholera  bacil¬ 
lus  No.  1. 

n.  icteroides, 
(Original). 

Dilution  1  to  30. 

u  n 

Negative. 

Positive. 

Negative. 

Positive. 

U  (( 

Estimated  dilution  1  to  30. 

(4  U  (( 

Motility  arrest¬ 
ed.  No  agglutina¬ 
tion. 

Negative. 

Motility  arrest¬ 
ed.  No  agglutina¬ 
tion. 

Negative. 

((  U  (( 

((  (4  it 

((  U  u 

((  ((  U 

44 

Positive. 
Negative. 
Motility  arrest¬ 
ed.  '  No  agglutina¬ 
tion. 

Negative. 

Positive. 
Negative. 
Motility  arrest¬ 
ed.  No  agglutina¬ 
tion. 

Negative. 

ii  ii  a 

Positive. 

Positive. 

(I  U  (( 

Negative. 

Negative. 

u  u  n 

U  i(  u 

Impairment  of 
motility  with 
sliglit  agglutina¬ 
tion. 

Negative. 

Impairment  of 
motility  with 
slight  agglutina¬ 
tion. 

Negative. 

H  (4  tl 

ti  H  44 

44  44  44 

44  44  44 

Impairment  of 
motility  with 
slight  agglutina¬ 
tion. 

Negative. 

44 

Impairment  of 
motility  witli 
slight  agglutina¬ 
tion. 

Negative. 

44  44  44 

44  44  44 

Estimated  diiution  1  to  30. 

44  44  44 

44  44  44 

44  44  44 

44  44  4» 

Positive. 

Negative. 

Positive. 

Negative. 
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Thus,  of  32  samples  of  serum  or  dried  blood  from  cases  pronounced 
to  be  bog-cholera,  6,  or  18.75  per  cent,  gave  a  positive  reaction,  and 
4,  or  12  per  cent,  a  partial  reaction  with  both  the  hog-cholera  bacillus 
and  B.  icteroides. 

At  what  period  of  the  disease  these  specimens  of  blood  were  taken, 
we  have  no  positive  means  of  detennining.  We  think,  however, 
that  the  results  obtained  with  B.  icteroides  when  taken  in  connection 
with  the  negative  reaction  shown  by  the  blood  of  yellow  fever  are 
very  suggestive. 

CONCLUSIONS. 

1.  Bacillus  X  (Sternberg)  belongs  to  the  colon  group. 

2.  Bacillus  icteroides  (Sanarelli)  is  a  member  of  the  hog-cholera 
group. 

3.  The  various  channels  of  infection,  the  duration  of  the  disease 
and  the  gross  and  microscopical  lesions  in  mice,  guinea-pigs  and  rab¬ 
bits  are  the  same  for  Bacillus  icteroides  and  the  hog-cholera  bacillus. 

4.  The  clinical  symptoms  and  the  lesions  observed  in  dogs  inocu¬ 
lated  intravenously  with  Bacillus  icteroides,  are  reproduced  in  these 
animals  by  infection  with  the  hog-cholera  bacillus. 

5.  Bacillus  icteroides  when  fed  to  the  domestic  pig  causes  fatal  in¬ 
fection,  accompanied  by  diphtheritic,  necrotic  and  ulcerative  lesions 
in  the  digestive  tract,  such  as  are  seen  in  hogs  when  infected  with  the 
hog-cholera  bacillus. 

6.  Tills  disease  may  be  acquired  by  exposing  swine  in  pens  already 
infected  with  Bacillus  icteroides,  or  by  feeding  them  with  the  viscera 
of  infected  pigs. 

7.  Guinea-pigs  may  be  immunized  with  sterilized  cultures  of 
Bacillus  icteroides  from  a  fatal  dose  of  the  hog-cholera  bacillus  and 
vice  versa. 

8.  Babbits  may  be  rendered  immune  by  gradually  increasing  doses 
of  a  living  culture  of  Bacillus  icteroides  of  weak  virulence  from  a  fatal 
dose  of  a  virulent  culture  of  the  hog-cholera  bacillus 

9.  The  sera  of  animals  immunized  witli  Bacillus  icteroides  and  with 
the  hog-cholera  bacillus,  respectively,  show  a  marked  reciprocal  ag¬ 
glutinative  reaction. 
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10.  While  the  hlood  of  yellow  fever  practically  does  not  exercise 
an  agglutinative  reaction  upon  Bacillus  icteroides,  the  blood  of  hog- 
cholera  agglutinates  this  bacillus  in  a  much  more  marked  degree,  thus 
jiointing,  we  think,  to  the  closer  etiological  relationship  of  this  bacillus 
to  hog-cholera  than  to  yellow  fever.“* 

DESCRIPTION  OF  PLATE  XIX, 

Fig.  I.  Photomicrograph  showing  focal  necrosis  in  the  liver  of  a  guinea-pig. 
Death  on  Otli  day  after  subcutaneous  inoculation  with  B.  icteroides.  See  pp.  240-242. 

X  100. 

Fig.  2.  Photomierograph  of  section  of  human  liver  showing  focal  necrosis  invaded 
by  leueocytes ;  no  fatty  degeneration.  From  case  of  Patrick  Smith,  8tli  infantry. 
Death  on  0th  day  of  illness.  B.  icteroides  isolated  from  blood  4  days  before  death. 
Tyi)hoid  bacillus  isolated  from  spleen  at  autopsy.  See  j).  248.  x  100. 

Fig.  3.  Photomierograph  of  section  of  linman  liver  in  yellow  fever,  sliowing  fatty 
degeneration.  x  100. 

38  In  a  preliminary  note  on  “The  Etiology  of  Yellow  Fever,”  by  Reed,  Carroll, 
Agramonte  and  La/.ear  {P/tiladcIphia  Medical  Journal,  Oct.  27,  1000),  the  authors  state 
that  they  failed  to  find  B.  icteroides  either  in  the  hlood  during  life  of  21  patients  in 
various  stages  of  yellow  fever  or  in  cultures  from  the  blood  and  organs  at  11  autop¬ 
sies  of  yellow-fever  patients. 
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SOME  OBSEEYATIOJs'S  UPOX  THE  BACTERIAL  SELE- 
PIJRIEICATIOX  OF  STREAMS.' 


By  EDWIN  OAKES  JORDAN,  Pii.  D. 

(From  the  liacteriologk'al  Laboriilory  of  the  Umvcrsily  of  Chicago.) 

Plate  XX. 

The  subject  of  the  self-})urifieation  of  streams  divides  itself  natur¬ 
ally  into  two  parts:  that  relating  to  the  disappearance  or  oxidation  of 
certain  chemical  eoiistitnents  of  sewage,  and  that  relating  to  the  dis- 
ap])earance  of  the  sewage  bacteria.  It  is  of  the  latter  only  that  I 
purpose  to  treat  in  this  article.  Both  phenomena  may  properly  be 
classed  as  processes  of  self-purification.  They  may  not,  however, 
have  anything  else  in  common;  for  it  is  certainly  true  that  the  pro¬ 
cess  of  nitrification  and  the  processes  leading  to  the  disappearance  of 
dangerous  or  snsiiicions  bacteria  do  not  always  run  a  strictly  parallel 
course  either  in  sewage  tanks  or  in  polluted  rivers.  AVhile  we  must 
not  fail  to  recognize  the  jiossibility  that  a  nuisance  may  be  created 
through  the  deenm])osition  of  large  (piantities  of  organic  matter  in  a 
floAving  stream,  it  is  with  the  fate  of  the  bacteria  rather  than  with  that 
of  the  lifeless  organic  matter  that  sanitary  investigations  are  most 
dii’cctly  concerned,  and  so  long  as  bacteriologists  are  unable  to  cor¬ 
relate  more  exactly  than  at  present  the  disappearance  of  disease  germs 
with  the  successive*  change's  in  the  elecomposition  and  oxidation  of 
organic  matter,  the  fate  of  elise'aso  germs  introdnceel  into  a  stream  can 
be  determined  ehiefiy  by  inference  from  the  known  fate  of  the  other 
scAvage*  bacteria.  For  these  re'asons  the  nninben*  of  bacteria  found 
at  A’arions  points  along  the  course  of  a  pollnteel  stream  possesses  com¬ 
paratively  great  significance. 

'  The  observations  recorded  in  tliis  paper  were  made  dnrinj;  a  stud}'  of  tlie  clieinical 
and  baeterial  eondition  of  the  Illinois  River  and  its  tributaries,  undertaUen  in  behalf 
of  the  Sanitary  District  of  Cliicafro.  I  am  indebted  to  Dr.  Arthur  R.  Reynolds, 
Direetor  of  the  Streams  E.xamination,  for  permission  to  publish  the  facts  at  this 
time. 
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One  of  the  first  and  most  comprehensive  studies  hearing  upon  the 
bacterial  self-purification  of  streams  was  made  by  G.  Frank  (1888),  and 
was  carried  out  upon  the  river  Spree  above  and  below  Berlin.  The  gen¬ 
eral  conclusions  drawn  from  Frank’s  study  are  that  the  river  Spree,  at 
its  entrance  to  the  city,  contains  usually  under  10,000  bacteria  per  cubic 
centimetre,  and  that  this  number  is  rapidly  augmented  on  passing 
tlirough  the  city  until  numbers  rising  into  the  hundreds  of  thousands 
and  occasionally  into  the  millions  are  found.  Below  the  city  the  Spree 
expands  into  a  lake,  and  the  numbers  of  bacteria  shown  by  the  ordinarj' 
plate-count  are  here  much  lower.  The  following  table  of  averages  illus¬ 
trates  the  degree  of  bacterial  purification  observed  by  Frank: 


Spkee  at  Beklin.  Avehage  Number  of  Colonies  from  Frank’s  tables. 


No.  colonies 
per  cubic 
centimetre. 


Oberbaumbrucke .  11400 

Janowltzbrucke .  13400 

Friedriclisbriicke .  36700 

Ebertsbriicke .  38000 

Marschallbrucke .  31600 

Moltkebrucke .  60300 


No.  colonies 
per  cubic 
centimetre. 


Moabiter  Briicke .  51.500 

Spaudau  .  340000 

Picbelsdorf .  301300 

Gatoiv .  133300 

Cladow .  178000 

Sacrow .  9300 


At  Picbelsdorf  the  Spree  widens  out  into  the  broad  lake  known  as 
Havelsee,  and  at  Sacrow,  some  13  kilometres  below  Picbelsdorf,  near 
the  lower  end  of  the  lake,  the  number  of  bacteria  is  shown  to  have 
suffered  a  remarkable  diminution.  There  are  a  few  features  of  Frank's 
work  that  are  difficult  to  understand  without  a  full  knowledge  of  the  local 
situation,  such,  for  instance,  as  the  numbers  obtained  at  Gatow  (9000), 
Cladow  (8400)  and  Sacrow  (11,100)  on  October  20,  1886,  and  at  Pichels- 
dorf  (6300)  and  Cladow  “  (23,900)  on  December  1,  1886.  There  can 
be  no  floubt  that  the  value  of  Frank’s  work  is  somewhat  impaired  by  his 
failure  to  secure  eross-sections  of  the  stream  at  the  points  chosen  for  col¬ 
lection  and  by  the  delay  in  plating  caused  by  the  transportation  of  the 
samples  to  the  laboratory.  The  large  number  of  analyses  that  were 
made  (22  from  each  station),  however,  and  the  fact  that  all  seasons  of 
the  year  are  represented,  render  the  assumption  of  a  great  bacterial  de¬ 
crease  between  Picbelsdorf  and  Sacrow  most  plausible.  More  recently 
Dirksen  and  Spitta  (1899)  have  independently  arrived  at  virtually  the 
same  conclusion  on  the  basis  of  observations  made  ten  years  later, 
although  their  methods,  like  those  of  Frank,  are  not  above  reproach. 
The  controversy  between  these  latter  authors  and  Frank  (1899)  in  respect 


■  About  eight  kilometres  below  Piclielsdorf. 
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to  the  interpretation  of  the  pollution  occurring  during  the  passage  of 
the  Spree  through  Berlin  does  not  alter  the  fact  of  a  subsequent  puri¬ 
fication.  Dirksen  and  Spitta,  indeed,  state  distinctly  that  their  results 
confirm  -the  existence  of  a  bacterial  purification  in  the  basin  between 
Pichelsdorf  and  Sacrow. 

The  work  of  Girard  and  Bordas  (1893)  upon  the  purification  of  the 
Seine  between  Paris  and  Rouen  fails  to  illuminate  the  question  of  self¬ 
purification  very  much,  both  on  account  of  the  lack  of  definite  statements 
as  to  the  methods  employed,  and  because  the  results  are  not  recorded  in 
categorical  form,  but  are  simply  portrayed  in  curves.  Taking  their  work 
as  it  stands,  a  considerable  but  not  striking  degree  of  purification  is 
indicated. 

A  comprehensive  investigation  extending  over  several  years  has  been 
conducted  by  W.  Prausnitz  and  others  upon  the  river  Isar,  and  the 
results  have  been  recently  summed  up  by  Goldschmidt  and  Prausnitz  and 
their  collaborators  (1898).  The  number  of  bacteria  in  the  Isar  is  greatly 
increased  through  the  addition  of  the  sewage  of  Munich.  At  Unter- 
Fohring,  just  below  Munich,  the  mixing  of  sewage  and  river  Avater  is 
presumed,  by  these  investigators,  to  be  complete,  although  unfortunately 
no  cross-sections  Avere  obtained  at  this  point.  The  folloAving  table  gives 
the  relative  numbers  of  bacteria  found  at  Unter-Fbhring  and  stations 
below,  the  number  at  Unter-Fbhring  (or  at  Ismaning,  6  km.  beloAv  Unter- 
Fbhring)  being  taken  as  100. 

IsAK  BELOW  Munich  (Puausnitz  and  otheks). 

Distance  from 

Unter-KOhrimr  18SX).  1892-9;i.  1889.  1890.  1893  (Dec.)  189r)-9ti. 

in  kilometres. 


Unter-Fohrin*;. .  0  100  100 

IsmaniiifT .  C  04.3  ..  100  100  100  100 

Freising .  20  48.1  47.1  52.0  51.0  47.4  .55.0 

Landshut .  05  20.0  23.2  ..  30.7  13.1  20.5 


The  floAv  from  Fbhring  to  Freising  requires  about  eight  hours  in  the 
Avinter  months  and  nearly  tAvice  as  long  during  loAv-Avater  periods.  The 
authors  conclude  that  in  the  course  of  about  20-26  kilometres  (eight 
hours’  floAv)  fifty  per  cent  of  the  germs  perish.  This  conclusion  must  be 
accepted,  hoAvever,  Avith  reserA’^e,  since  the  authors  have  failed  to  obtain 
accurate  data  concerning  mixing  and  dilution.  tAvo  factors  Avhich  by  our 
own  obseiwations  and  those  of  Kruse  (1899)  are  sboAvn  to  possess  great 
significance. 

The  Avork  of  Schlatter  (1890)  uiion  the  contamination  and  subsequent 
purification  of  the  Limmat  in  its  passage  through  Zurich,  although  also 
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open  in  some  degree  to  tiie  foregoing  criticisms,  indicates  that  a  consid¬ 
erable  purification  takes  place  in  the  Limmat  in  the  course  of  10  kilo¬ 
metres.  A  velocity  of  ahoiit  0.5  metre  ])er  second  (at  low  water)  is 
apijarently  accompanied  hy  a  notable  bacterial  dimiiuition,  but  a  velocity 
of  1.25-1.5  m.  per  second  (at  high  water)  seems  to  he  associated  with  a 
bactei’ial  increase.  The  conditions  prevailing  in  the  Limmat  have  been 
studied  more  recently  also  by  Thomann  (1!)00),  Avhose  observations  are 
quite  extended  and  wliose  results  confirm  in  the  main  those  of  Schlatter, 
although  they  do  not  include  observations  u])on  high-water  conditions. 

Very  com])rehensive  investigations  into  the  bacterial  changes  occurring 
in  the  llliine  between  Cologne  and  Dusseldorf  have  been  made  by 
Stutzer  and  Knublauch  (1894),  and  by  Kruse  (1899)  and  Lossen  (1899) 
with,  however,  almost  diametrically  opposite  results.  Stutzer  and 
KiUThlauch’s  conclusions  are  based  upon  averages  of  plate  counts  ob¬ 
tained  at  various  times  between  April  and  Kovend)er  ujion  samples  trans¬ 
ported  to  the  laboratory  under  the  usual  precautions.  The  relative  num¬ 
bers  are  shown  in  the  following  table,  the  number  found  at  Marienburg 
just  aboA'c  Cologne  being  considered  as  100. 

Rhine  bei.ow  Cologne  (Stutzek  and  Knublauch). 

Left  bank.  Midstream.  Right  bank. 

Marienburg:  (above  Cologne) .  100  100  100 

22  kms.  below  Marienburg  (Langel) .  3.54  214  283 

27  kms.  below  Langel  (Vollinerswertli) .  122  125  143 

d’he  effect  of  the  contribution  of  the  sewage  and  refuse  from  Cologne, 
as  well  as  the  efl'eet  caused  by  the  entrance  of  the  small  and  highly  pol¬ 
luted  tributary  known  as  the  Wiqiper,  are  shown  by  the  figures  at 
Langel,  while  at  Vollinerswertli,  27  kilometres  below  Langel,  a  remark¬ 
able  diminution  seems  to  have  taken  plaec.  It  must  he  noticed,  however, 
that  sources  of  error  incident  to  the  methods  emjiloyed  hy  Stutzer  and 
Knublauch  may  have  materially  influenced  their  results. 

The  work  of  Kruse  and  Lossen  is  of  a  more  rigorous  character.  An 
attempt  was  made  by  these  investigators  to  follow  as  far  as  ])raeticable  a 
definite  body  of  water  from  ^larienhnrg  to  Vollmerswerth,  and  with  this 
puiqiose  in  view,  hourly  sanqiles,  seven  in  number,  were  collected  at 
Marienburg  and  ])lated  immediately.  Four  and  one-half  hours  later  a 
second  series  of  idatings  was  begun  at  llitdorf  (ojijiosite  Langel),  22  kilo¬ 
metres  below  ilarienburg,  at  which  time  it  was  calculated  that  the  body 
of  water  examined  at  Marienburg  ivould  begin  to  ])ass  the  latter  jioint. 
4'ho  third  series  was  collected  at  Vollmerswerth,  27  kilometres  below 
TTitdorf.  beginning  at  four  o'clock  in  the  evening  and  continuing  at 
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lioni'ly  intervals  iiiitil  one  o’clock  in  the  morning.  The  results  of  this 
most  interesting  series  of  observations  are  shown  in  the  following 
averages: 


Rhine  bei.ow  Cologne  (Kuuse  and  Lossen). 


No.  of  hourly  r  1,.,,,^ 

Xlidstream. 

Right  bank. 

Marienbui'!*;  (above  Colos^ne)  .  . 
22  kms.  below  MarielIburf^ 

7  8700 

8900 

8400 

(Ilitdorf,  opposite  Laiiijel)  . 
27  kms.  below  Ilitdorf  (Voll- 

8  :!:J4.50 

12850 

17900 

merswertb) . 

0  nt400 

17800 

17400 

Upon  the  basis  of  these  lignres,  taken  together  with  the  similar  issue 
of  other  examinations,  the  authors  conclude  that  the  upshot  of  their  work 
is  not  favorable  to  the  assumption  of  a  bacterial  self-purification  in  this 
part  of  the  h’liiue  during  a  flow  of  27  kilometres.  Xo  statements  are 
made  by  the  authors  as  to  the  measurement  of  the  rate  of  flow,  but  it 
appears  from  the  context  that  the  rate  was  about  27  kilometres  in  5^  to 
()  hours,  or  about  -‘5  miles  an  hour.  Experiments  of  a  similar  character 
made  u])on  a  longer  stretch  of  the  Ithine  in  a  different  region  and  at 
another  season  gave  a  somewhat  different  result  as  is  shown  in  the 
table: 

Rhine  above  Coblentz  (Kkcse  and  Lossen). 

No.  of  colonies  per  ce. 


Niederwalliif  (0  km.) .  9500 

Riidestieini  (20  kin.) .  7.500 

Assinannsliansen  (25  km.)  .  6100 

St.  Goar  (48  km.) .  54.50 

Oberlalinstein  (68  km.) .  5200 


In  the  opinion  of  the  authors  this  slow  but  steady  decrease  in  the 
number  of  bacteria  is  not  to  be  attributed  to  dilution,  and  they  are  in¬ 
clined  to  explain  this  divergence  from  ‘lie  results  obtained  below 
Cologne  by  a  dilference  in  the  relative  strength  of  the  sunlight  at  the 
two  periods,  the  observations  recorded  for  the  river  below  Cologne  being 
made  on  the  lOth  of  Xoveuiber,  udiile  those  for  the  stretch  above  Cobleutz 
were  made  during  bright  sunny  days  in  September.  Since  the  observa¬ 
tions  of  Stutzer  and  Kuublauch  were  made  during  different  seasons  of  the 
year,  it  is  jiossildc  that  this  factor  may  also  help  to  c.\])lain  the  lack  of 
agreement  between  their  results  and  those  of  Kruse. 

Among  other  of  the  more  important  observations  that  need  he  men¬ 
tioned  are  those  of  lleider  (18t)3)  upon  the  Uauube,  lllasius  and  lleckurts 
(ISO."))  ujion  the  Oker,  and  Uriier  (1897))  upon  the  Pregel. 
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Tlie  outcome  of  all  these  observations  can  hardly  be  regarded  as 
thoroughly  conclusive.  The  methods  that  have  been  employed  are 
far  from  being  uniform  and  are  frequently  without  precision;  obser¬ 
vations  are  too  few  or  cover  too  limited  periods  of  time ;  different  parts 
of  a  stream  are  studied  at  different  seasons  of  the  year,  thereby  intro¬ 
ducing  grave  error;  important  influences  such  as  mixing  and  diliition 
are  often  entirely  ignored.  These  are  a  few  of  the  objections  that 
in  one  form  or  another  can  be  urged  against  many  of  the  conclusions 
regarding  the  bacterial  self-purification  of  streams  and  it  must  be 
admitted  that  they  are  quite  sufficient  to  preclude  general  deductions. 

The  trend  of  the  work  that  has  been  done  is,  however,  unmistakable. 
A  lessening  of  the  bacterial  content,  whether  due  to  dilution,  to  sedi¬ 
mentation  or  to  the  actic  i  of  sunlight,  stands  out  in  some  cases  too 
clearly  to  admit  of  question.  A  second  fact  is  equally  salient.  Great 
differences  in  the  degi-ee  of  this  apparent  purification  plainly  exist; 
these  differences  are  dependent  upon  a  variety  of  factors  such  as  the 
amount  of  initial  pollution,  the  velocity  of  flow,  the  season  of  year, 
etc.  In  the  case  of  each  stream  these  conditions  are  different  and  the 
factors  necessarily  possess  different  values.  To  determine,  therefore, 
the  extent  to  which  bacterial  purification  occurs  in  a  given  stream, 
and  to  what  it  is  duo,  is  a  matter  for  detailed  special  observation; 
inferences  made  on  the  basis  of  experience  obtained  elsewhere  under 
a  different  set  of  conditions  can  have  little  weight  in  the  present  state 
of  our  knowledge. 

An  opportunity  for  studying  the  phenomena  of  bacterial  purifica¬ 
tion  under  peculiarly  favorable  conditions  has  been  offered  me  during 
the  course  of  investigations  upon  the  Illinois  liiver,  undertaken  in 
181)9-1900  at  the  request  of  Dr.  Arthur  R.  Reynolds,  Director  of  the 
Streams  Examination  for  the  Sanitary  District  of  Chicago.  A  de¬ 
tailed  report,  covering  the  routine  chemical  and  bacterial  analyses 
throughout  the  period  under  consideration  is  in  preparation  and  will 
shortly  be  issued.  I  am  enabled  here,  through  the  courtesy  of  Dr. 
Reynolds,  to  summarize  a  portion  of  these  results,  together  Avith  the 
record  of  some  special  studies. 

The  local  conditions  leading  to  this  inquiry  may  first  be  briefly  de¬ 
scribed.  A  portion  of  the  sewage  of  the  city  of  Chicago  has  for  many 
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years  been  allowed  to  flow  directly  into  Lake  Michigan,  wLich  has  served 
at  once  as  the  recipient  of  the  city  refuse  and  the  source  of  the  city  water 
supply.  The  majority  of  the  city  sewers,  however,  have  debouched  into 
Chicago  River,  a  small  stream  flowing  normally  towards  the  lake.  The 
growth  of  the  city  of  Chicago  in  the  last  few  decades  has  led  to  so  great 
an  increase  in  the  amount  of  sewage  poured  into  the  Chicago  River  that 
this  stream  has  become  practically  an  open  sewer.  As  long  ago  as  1865 
the  uneasiness  that  was  naturally  felt  regarding  the  effect  of  such  a  con¬ 
dition  upon  the  public  health  found  expression  in  the  use  of  a  pumping 
station  situated  at  Bridgeport  at  the  junction  of  the  Illinois  and  Michigan 
Canal  with  the  South  Branch  of  the  Chicago  River  (see  map,  Plate  XX). 
Since  that  year  the  river  water  has  been  more  or  less  regularly  pumped 
into  the  canal,  with  the  effect  i;nder  ordinary  conditions  of  reversing  the 
flow  of  the  river  and  causing  a  sluggish  current  to  set  away  from  the 
lake.  This  has  served  the  purpose  of  keeping  much  sewage  out  of  the 
drinking  water.  Fluctuations  in  the  level  of  the  lake  and  river,  however, 
have  not  infrequently  proved  too  much  for  the  pumps  at  Bridgeport  to 
cope  with  and  at  times  of  a  sudden  rise  in  the  river  or  lowering  in  the 
lake-level  crude  sewage  has  been  borne  far  out  into  the  lake.  The 
natural  result  of  this  frequent  and  serious  pollution  of  the  water-supply 
has  been  that  Chicago  has  suffered  severely  and  continuously  from 
typhoid  fever,  and  the  municipal  authorities  soon  came  to  a  realization 
of  the  fact  that  some  measure  of  relief  was  imperative.  The  measure 
selected  was  the  construction  of  a  drainage  channel  connecting  the  Chi¬ 
cago  River  with  the  Besplaines  River,  and  thence  conducting  by  gravity 
flow  the  sewage  of  the  city — which  must,  according  to  legal  enactment, 
be  diluted  twenty  times  with  the  water  of  Lake  Michigan — into  the  valley 
of  the  Desplaines  and  Illinois.  This  channel,  after  some  ten  years  of 
labor  and  the  expenditure  of  about  $35,000,000,  was  finally  opened  in 
January,  1900. 

Since  alarm  has  been  expressed  by  some  of  the  inhabitants  of  the 
Illinois  and  Mississippi  Valleys,  and  particularly  by  the  city  of  St.  Louis, 
which  derives  its  water-supply  from  the  ^lississippi  River  about  thirty 
miles  below  the  mouth  of  the  Illinois,  it  seemed  important  to  the  trus¬ 
tees  who  controlled  the  construction  of  the  canal  to  undertake  a  com¬ 
prehensive  study  of  the  character  of  the  Illinois  River  and  its  tributaries 
with  a  view  to  determining  the  effect  of  opening  the  canal.  To  this  end 
weekly  samples  were  collected  at  chosen  points  during  the  period  be- 
tw’een  May  1, 1899,  and  January  1, 1900.  The  amount  of  sewage  passing 
into  the  Illinois  River  by  way  of  the  Illinois  and  Michigan  Canal 
throughout  this  period  is  estimated  to  be  as  high  as  85-90  per  cent  of 
the  total  sew^age  of  Chicago. 
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The  reasons  governing  the  selection  of  the  particular  inhiits  of  collec¬ 
tion  may  lirst  be  stated,  with  freciiient  I'eferences  to  the  accompanying 
map  (Plate  XX). 

1.  BrkUjcport. — The  sample  taken  here  represents  the  quality  of  the 
water  pinnped  into  the  Illinois  and  Michigan  Canal.  Pesides  mucli 
house  sewage,  a  large  amount  of  manufacturing  waste,  including  the  disi 
charges  from  seveial  gas  houses,  is  ])oured  into  the  river  near  this  point. 
Idle  general  character  of  the  water  is  shown  hy  the  quantity  of  the  more 
significant  chemical  constituents. 

Aveuagk  or  a?  Detek.mixatioss,  Ai*hii,  27,  to  Jan.  1,  1000. 


Parts  per  million.  Parts  per  million. 

Chlorine . llit.2  O.xygen  consumed .  30.3 

Free  ammonia .  ..  1.5.0  Total  residue  on  evaporation  .502.0 

Albuminoid  ammonia .....  .  2.04  Suspended  residue .  HO.O 


2.  Locl’porl. — The  water  jnimiicd  into  the  Illinois  and  ^tichigan  Canal 
flows  sluggishly"  some  29  miles  from  l)ridgo])ort  to  Jmekport,  where  the 
second  sam])le  was  taken.  Practically  no  dilution  and  no  additional 
])olliition  occur  on  tlie  way.  The  chemical  iin])urities  change  hut  little 
between  P)i'idge])ort  and  this  ])oinl. 

Aveuage  of  32  Deteuminations,  May  5,  1800,  to  Jan.  1,  1000. 

Parts  i)er  million.  Parts  per  million. 

Chlorine . 117.4  (Cxygen  eonsnmed .  ...  32.3 

Free  ammonia .  15.7  Total  residue  on  evaporation  .502.0 

‘Albuminoid  ammonia .  2.42  Siisi»ended  residue  .  70.0 

3.  Dcsplahtes  Biver. — llelow  ]..ockport  the  Illinois  and  Michigan 
Canal  unites  with  the  Desplaines  Jtiver,  a  sniidl  stream  of  variable  vol¬ 
ume.  At  this  ])oint,  therefore,  the  sewage  in  the  canal  receives  its  first 
dilution.  ])uring  the  greater  ])art  of  the  year  this  dilution  is  very  slight, 
hut  in  ilood  season  the  ilow  in  the  Desplaines  may  amount  to  800,000 
cubic  feet  jier  minute.  'The  Desplaines  River  itself  receives  some  sew¬ 
age  from  the  snhurhan  towns  along  its  hanks. 

4.  Desjihiiiies  llivcr  at  Joliet  (above  Iowa). — About  four  miles  below 
the  union  of  the  canal  with  the  river  the  latter  Hows  through  the  city  of 
Joliet.  At  this  ])oint,  where  the  canal  and  river  are  one,  a  sanpile  Avas 
taken  above  the  main  ])art  of  the  town.  The  river  and  canal  se])arate  a 
short  distance  below. 

5.  Desplaiiie.'i  Hirer  at  Joliet  (below  loirii). — A  considerable  ])roportion 


About  one-hitll'  to  nine-tenths  of  a  mile  an  liour. 
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of  the  sewage  of  Joliet  enters  the  Besplaines  lliver  between  stations  (4) 
and  (5).  Joliet  is  a  manufacturing  town  with  a  population  of  33,265, 
according  to  the  U.  S.  Census  of  1890.  Much  manufacturing  waste,  as 
well  as  the  major  part  of  the  house  sewage,  enters  the  river.  Owing  to 
changes  made  in  the  river  bed  at  this  point  during  the  construction  of 
dams  and  retaining  walls  for  the  Sanitary  District,  this  collecting  station, 
which  Avas  originally  selected  for  the  purpose  of  showing  the  extent  of 
pollution  introduced  between  (4)  and  (5),  had  to  be  temporarily  aban¬ 
doned. 

6.  Kankakee  River  at  Wilmington. — The  first  really  considerable  dilu¬ 
tion  of  the  Chicago  sewage  comes  from  the  union  of  the  sewage-laden 
Desplaincs  with  the  Kankakee.  The  mean  discharge  from  the  Kankakee 
for  the  entire  year  is  estimated  at  about  300,000  cubic  feet  per  miniite. 
Tlie  sample  taken  at  Wilmington  (population,  1890, 1576)  gives  a  fair  idea 
of  the  composition  of  this  Avater.  The  organic  matter  found  in  the  Kan¬ 
kakee  is  largely  of  vegetable  origin  and  is  derived  from  the  extensive 
marshes  drained  by  this  stream.  Some  house  seAvage  also  enters  the 
rh^er  at  Kankakee  (population,  1890,  9025),  about  30  miles  above  Wil¬ 
mington. 

7.  Illinois  River  at  Moriis. — This  is  the  first  collecting  station  on  the 
Illinois  lliver  proper,  and  is  nine  and  one-half  miles  below  the  junction 
of  the  Kankakee  and  Desplaincs.  The  river  at  this  point  is  practically 
a  more  or  less  complete  mixture  of  Chicago  seAvage  and  Kankakee  Kiver 
Avater.  In  a  dry  season  like  that  of  1899,  the  proportion  of  Kankakee 
Avater  may  be  very  small.  The  average  volume  of  the  Kankakee  is  four 
or  five  times  that  of  the  Desplaincs,  but  OAving  to  the  fact  that  the  mixing 
at  Morris  is  incomplete,  the  chlorines  giA-en  in  the  table  on  ]).  287  do  not 
shoAV  this  clearly.  A  better  idea  of  the  conditions  at  Morris  is  obtained 
from  some  special  determinations  (p.  306-308). 

8.  Fo.r  River  at  Otfaiva. — Tlie  Fox  lliver  constitutes  another  great 
diluting  factor.  The  area  draiiied  by  the  Fox  (2697  square  miles)  is 
about  one-half  that  drained  by  the  Kankakee  (5146  square  miles),  but 
the  volume  is  relatiA^ely  large. 

9.  Illinois  River  at  Ottawa. — The  collection  at  this  point  Avas  made 
al)ove  the  entrance  of  the  Fox  IliA'cr  and  above  the  point  Avhere  the  toAvn 
scAvage  enters,  and  shoAvs  tlie  cliangc  resulting  from  a  twenty-four  mile 
floAV  Avithnut  much  dilution  and  Avithout  material  addition  of  impurities. 

10.  Rig  Vermilion  River  at  La  Salle. — Tliis  is  another  important  tribu¬ 
tary  draining  an  area  of  1413  square  miles,  and  receiving  scAvage  ]»rin- 
cipally  from  the  toAvns  of  Streator  (population.  1890,  11,414)  and  Pontiac 
(population,  1890,  2784). 

1!> 
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11.  Illinois  Hirer  at  La  Salle. — The  sample  at  La  Salle  (population 
1890,  9855)  was  collected  at  a  point  below  the  entrance  of  the  major  part 
of  the  town  drainage  and  below  the  mouth  of  the  canal  (see  map). 

12.  Illinois  and  Michigan  Canal  at  La  Salle. — At  La  Salle  the  Canal 
finally  discharges  into  the  river  (see  map).  Between  Joliet  and  La 
Salle  considerable  dilution  takes  place,  more,  in  fact,  than  in  the  river 
water  (cf.  chlorines). 

13.  Illinois  River  at  Henry. — Between  I.a  Salle  (11)  and  Henry  (popu¬ 
lation,  1512)  there  is  little  dilution  and  practically  no  additional  pollu¬ 
tion. 

14.  Illinois  River  at  Averyville. — The  collecting  station  is  at  the 
“  Xarrows,”  about  three  miles  above  the  city  of  Peoria,  and  the  results 
obtained  here  show  the  degree  of  bacterial  purity  attained  after  the  flow 
of  130  miles  from  Lockport. 

15.  Illinois  River  at  Wesley  City. — The  city  of  Peoria  (population, 
1900,  56,100)  contributes  a  large  amount  of  organic  refuse  to  the  river 
between  (14)  and  (15).  Hot  only  does  the  main  part  of  the  house 
sewage  enter,  but  there  is  also  a  great  addition  of  manufacturing  waste, 
of  distillery  slop,  of  discharges  from  glucose  factories,  and  of  the  sweep¬ 
ings  of  extensive  stockyards.  The  Wesley  City  collection  is  about  four 
miles  below  this  outpour  of  pollution.  The  amount  of  the  Peoria  pollu¬ 
tion  varies  greatly  at  different  seasons  of  the  year  and  at  different  hours 
of  the  day,  a  fact  that  aids  in  explaining  the  great  irregularities  and 
fluctuations  in  the  number  of  bacteria  observed  at  this  point. 

16.  Illinois  River  belotv  Pekin. — More  house  sewage  and  some  distil¬ 
lery  slop  enter  the  river  between  (15)  and  (16).  (Population  of  Pekin, 
1890,  6347.) 

17.  Illinois  River  at  Havana. — (Population,  1890,  2525.)  The  collec¬ 
tion  here  was  made  above  the  town  and  above  the  mouth  of  Spoon  River 
(drainage  area,  1905  square  miles). 

18.  Sangamon  River  at  Chandlerville. — Drainage  area,  5592  square 
miles.  The  sewage  of  Springfield  (popidation,  1890,  24,963)  enters  a 
tributary  of  this  stream  about  45  miles  above  Chandlerville. 

19-20.  Illinois  River  at  Beardsiown  and  Kampsville. — Little  organic 
im})iinty  is  added  to  the  river  below  the  mouth  of  the  Sangamon.  There 
is  no  sewered  town  on  the  Illinois  between  Beardstown  and  Grafton. 

21.  Illiiiois  River  at  Grafton. — This  is  the  last  collecting  station  on 
the  river  before  the  union  of  the  latter  with  the  Mississippi. 

22.  Mississippi  River  at  Grafton. — The  collection  here  was  made  above 
the  mouth  of  the  Illinois. 

23-27.  Mississippi  River  at  Alton. — A  cross-section  of  the  river  was 
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taken  opposite  the  water  works  above  the  city  of  Alton  and  about  fifteen 
miles  below  the  mouth  of  the  Illinois,  with  the  aim  of  determining  the 
extent  of  commingling  of  the  Illinois  and  Mississippi.  Five  samples 
were  taken  at  about  equidistant  points. 

28.  Missouri  River  at  West  Alton. — The  condition  of  the  Missouri 
Kiver  just  before  its  union  with  the  Mississippi  is  shown  by  the  collection 
at  this  point. 

29-32.  Mississippi  River  at  the  Chain  of  Rod's. — A  cross-section  of 
four  samples  was  taken  directly  opposite  the  intake  of  the  St.  Louis 
Water  Works,  four  miles  below  the  mouth  of  the  Missouri.  The  extent 
of  commingling  of  the  IMissouri  and  INIississippi  at  this  point  is  well 
shown  by  the  chlorines. 

33.  87.  Louis  Tap  Water. — The  water  drawn  from  the  river  at  the 
Chain  of  hocks  is  passed  through  several  settling  basins  before  delivery 
to  the  consumers.  The  grosser  effect  of  subsidence  is  shown  by  the 
reduction  of  the  suspended  solids  from  1(599.5  parts  per  million  (26  de¬ 
terminations)  at  the  inlet  tower  at  the  Chain  of  Eocks  to  90.6  (25  deter¬ 
minations)  in  the  taj)  water. 

34-38.  Mississippi  River  at  Jefferson  Barracks. — A  cross-section  was 
taken  six  miles  below  the  city  of  St.  Louis  for  the  purpose  of  determining 
the  effect  produced  upon  the  ^Mississippi  Kiver  by  the  addition  of  the 
sewage  and  manufacturing  waste  of  the  city. 

In  all  cases  the  collection  was  made  regularly  from  a  definite  position 
in  the  river  and  this  point  was  fixed  with  a  view  to  avoiding  local  sources 
of  contamination.  All  of  the  collecting  stations,  except  Kampsville, 
were  visited  prior  to  the  opening  of  the  investigation  and  reliable  persons 
chosen  for  regular  collectors,  hlxplicit  instruction  was  given  concerning 
the  methods  of  collection,  and,  in  addition,  printed  directions  were  sent 
out  weekly  with  each  collecting  bottle,  hlach  bacterial  sample  was  col¬ 
lected  in  a  4-ounce  glass  bottle,  which  was  sterilized  in  the  laboratory, 
enclosed  in  a  tight-fitting  metal  case,  which  was  itself  placed  in  a  large 
packing  canister,  ten  inches  deep  and  six  and  one-half  inches  in  diameter, 
and  the  whole,  together  with  the  corresponding  bottle  for  the  chemical 
sample,  fitted  into  a  wooden  box,  one  such  outfit  being  shipped  to  the 
collector  each  week.  Great  pains  Avere  taken  to  ensure  that  the  sample 
was  obtained  with  due  bacterial  precautions,  and,  in  order  to  emphasize 
the  instructions  given  to  the  collector,  personal  visits,  involving  careful 
supervision  and  recurrent  demonstration,  were  made  frequently  to  all 
the  more  important  poijits  of  collection.  The  water  was  always  taken  at 
a  point  about  eight  inches  beloAv  the  surface  and  in  midstream  except  at 
Joliet  and  save  where  cross-sections  were  taken. 
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The  bottle  of  water,  when  collected,  w'as  placed  in  its  covered  case 
and  this  case  Avas  then  packed  in  the  canister  and  completely  surrounded 
with  ice.  The  hour  of  collection  was  so  timed  as  to  permit  of  as  speedy 
shipment  as  possible. 

Although  every  attempt  was  made  to  minimize  the  dangers  arising 
from  transportation  of  the  sample,  there  can  be  no  doubt  that  our  Avork 
has  suffered  from  the  unavoidable  delay  in  plating,  and  it  must  he  freely 
admitted  that  the  numerical  counts  obtained  in  the  routine  Avork  have 
not  strictly  comparable  values.  The  samples  collected  at  the  stations 
along  the  upper  end  of  tlie  river  (as  far  doAvn  as  La  Salle)  usually 
reached  us  on  the  day  of  collection,  Avhile  the  samples  from  a  greater 
distance  did  not  get  to  the  laboratory  until  the  day  after.  The  ice  in 
the  packing  cases  usually  remained  unmelted  Avhen  the  outfit  Avas  not 
more  than  24  hours  in  transit,  hut  occasionally  it  happened  that  a  case 
Avas  delayed,  or  by  the  carelessness  of  ex])ress  agents  Avas  exposed  to  the 
midsAimmer  sun,  and  in  such  instances  the  ice  melted  and  the  tempera¬ 
ture  of  the  sample  rose  to  nearly  the  atmospheric  temperature.  Note 
Avas  ahvays  taken  of  the  condition  of  the  sample  on  its  arrival  and  Avhen 
prolonged  delay  had  occurred  the  sample  Avas  discarded. 

Even  Avhen  the  ship])ing  case  arrived  speedily  and  in  good  condition, 
however,  a  serious  source  of  error  existed.  It  has  already  been  shoAvn 
elscAvliere  (Jordan  and  Irons,  1899)  that  the  number  of  bacteria  in  a 
bottle  of  AA^ater  j/acked  in  ice  (temperature  2°-o°  C.)  sometimes  increases 
and  sometimes  diminishes,  and  it  has  been  pointed  out  that  Avhen  the 
initial  temperature  of  the  Avater  is  high  (i.  e.,  over  18°  or  20°)  a  de¬ 
struction  of  bacterial  life  takes  place  if  the  Avater  he  suddenly  chilled; 
Avhile  on  the  other  hand  if  the  initial  temperature  of  the  Avater  he  but 
slightly  above  freezing-point,  ice-packing  and  shipment  under  ordinary 
conditions  is  folloAved  by  an  extensive  multiplication  of  the  Avater  hae- 
leria.  In  this  respect,  therefore,  the  results  obtained  at  different  seasons 
of  the  year  ai'c  not  strictly  comparable,  since  the  initial  temperature  of 
the  Avater  has  varied  from  0°  C.  to  over  30°  C.  during  the  period  covered 
by  onr  analyses.  The  numbers  reported  for  the  summer  months  are 
doubtless  someAvhat  too  Ioav,  Avhile  those  for  the  Avinter  are  unquestion¬ 
ably  too  high.  It  must  be  remembered,  hoAvevei’,  that  AA’hile  it  is  true 
that  such  changes  in  the  bacterial  population  of  the  Avater  often  take 
])laee  during  transportation,  these  changes  are  rarely,  if  ca'ct,  great 
enough  to  alter  the  relative  position  of  Avaters  Avhich,  at  the  outset,  are 
Avidely  apart.  The  bacterial  content  of  a  badly  jiolluted  Avater  is  never 
deyiressed  to  the  level  of  a  ynire  Avater,  and,  on  the  otlier  hand,  the  mul¬ 
tiplication  taking  place  in  a  relatively  pure  A\-ater  is  never  so  great,  under 
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the  conditions  in  which  we  have  Avorked,  as  to  cause  it  to  rank  with  the 
more  seriously  polluted  Avaters.  Taking  into  consideration  all  the  dis¬ 
turbing  and  variable  factors,  such  as  the  effect  of  ice-packing,  delay  in 
transportation  and  original  differences  in  the  Avater  itself,  it  is  truly 
ren’arkable  that  the  series  from  many  of  the  collecting  stations  (e.  g., 
those  from  the  Illinois  Kiver  at  Averyville  and  the  Sangamon  River  at 
Chandlerville)  should  sIioav  so  great  uniformity  as  is  the  case. 

Throughout  the  investigation,  attempt  has  been  made  to  control  the 
sources  of  error  incident  to  transportation  by  plating  as  many  samples 
of  Avater  as  possible  at  the  places  of  collection.  This  has  necessitated 
a  number  of  visits  to  the  more  important  collecting  stations,  and  it  is 
believed  that  the  exact  comparison  thereby  made  possible  is  of  con¬ 
siderable  value.  The  results  of  this  special  Avork  Avill  be  detailed  else- 
Avhere  (p.  304). 

The  culture  medium  used  for  jdating  has  been  standard  nutrient  agar 
prei)ared  Avith  fresh  beef  Juice  and  one  per  cent  Witte’s  peptone.  The 
agar  has  been  made  up  on  tbe  basis  of  a  — 1.0  reaction  {i.  e.,  the  medium, 
after  being  rendered  neutral  to  phenol})hthalein,  has  had  10  cc.  of 

-llCl  added  to  each  litre).  Preliminary  experiments*  indicated  that 


someAvhat  larger  counts  Avere  obtained  Avith  tbis  degree  of  acidity  than 
Avith  — 1.5,  and  Avhile  experience  gathered  during  the  course  of  the 
investigation  has  shoAvn  that  this  is  not  true  at  all  times  and  of  all  the 
Avaters  studied,  the  use  of  a  medium  of  uniform  reaction  possesses  un¬ 
mistakable  advantages,  and  tor  })urposes  of  com})arison  is  indispensable. 
The  choice  of  an  agar  rather  than  of  a  gelatin  medium  Avas  dictated 
solely  by  the  conditions  governing  the  investigation.  The  necessity  of 
sometimes  plating  in  out-of-the-Avay  localities  and  at  high  summer  tem¬ 
perature  prohibited  the  general  use  of  gelatin  and  it  Avas  thought  desir¬ 
able  to  employ  one  medium  througbout.  It  is  of  course  recognized  that 
slightly  loAver  counts  arc  obtained  Avith  agar  than  Avith  gelatin,  but  in 
the  Avell-knoAvn  lack  of  any  medium  capable  of  affording  exact  informa¬ 
tion  as  to  the  living  bacterial  ])o]mlation  of  a  Avater,  relative  and  com- 
])arable  results  are  at  present  all  that  can  be  aimed  at. 

Reference  has  been  made  elsoAvhere  (Jordan  and  Irons,  1899)  to  the 
importance  of  a  Ainiform  method  of  dilution.  We  have  endeavored  to 
regulate  the  dilution  so  that  no  more  than  100  colonies  appear  on  the 
plate  to  be  counted,  and  it  is  believed  that  the  relative  accuracy  of  the 


P'or  e.xainple:  Lake  Micliigaii  water  Avith — 

Neutral  aijar  f^ave  <)ii  the  avera,i;c  of  a  series  142.5  colonies. 
10  acid  “  “  “  “  “  “  3.550  “ 

15  “  “  “  “  “  “  “  24.50 
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results  is  greatly  enlianced  by  this  method,  since  the  inhibition  and 
obscuration  of  colonies  are  thereby  minimized.  Tlie  plates  have  been 
regularly  incubated  in  a  dark  room  (temperature  20°-32°  C.)  for  eight 
days  before  counting;  the  atmosphere  of  the  room  has  been  kept  suitably 
moist. 

TABLE  I.— Ir.i.iNois  and  Miciiioan  Canad. 


lir'ulgepovt. 


Date. 

Chlorine. 

Temperature 

No.  of  colonies 

(Pts.  per  million.) 

of  water,  °C. 

per  cc. 

May  . 

.  237 

8 

1310000 

July  3 . 

.  78 

22.5000 

10 . 

.  128 

16 

445000 

17 . 

.  97 

17 

141,5000 

24 . 

.  112 

23 

1070000 

Aug.  B . 

.  76 

19 

61.5000 

Sept.  11 . 

.  117 

12 

950000 

18 . 

.  121 

14 

540000 

25 . 

.  161 

13 

1190000 

Oct.  2 . 

.  108 

13 

1370000 

9 . 

.  74 

11 

IKXIOOO 

30 . 

.  99 

12 

13600<JO 

Nov.  6 . 

.  74 

9 

1700000 

13  . 

.  126 

6 

1850000 

20 . 

5 

26.50000 

37 . 

.  106 

10 

1680000 

Dec.  4 . 

.  102 

8 

Not  plated. 

11 . 

.  135 

9 

630000 

18 . 

.  118 

9 

970000 

35 . 

.  166 

6 

3190000 

Date. 

TABLE  1  [.— Ir.DiNOis  AND  Michigan  Canad. 

Lock  port. 

Chlorine.  Temperature 

(Pts.  per  million.)  of  water,  °C. 

No.  of  colonies 
per  cc. 

May  22 . 

1115000 

29 . 

.  184 

10,55000 

Juno  .I . 

.  132 

:i60(K)0 

12 . 

.  101 

1230000 

19 . 

.  121 

24 

300000 

2B . 

.  103 

21 

570000 

July  3 . 

.  105 

2*3 

18(XX)0 

10 . 

.  101 

21 

135000 

17 . 

.  119.5 

22 

935000 

24 . 

.  106 

24 

,520000 

31 . 

.  108 

22 

12100(X) 

Aug.  7 . 

.  135 

21 

100000 

2\  .... 

.  109 

23.5 

9.5(K)0 

28...:. 

.  123 

24 

40000 

Sept.  4 . 

.  105 

23 

800(K) 

11 . 

.  mi 

18 

9200(K) 

18 . 

.  110 

20 

2tXXK)0 

35 . 

.  132 

16 

220(XX) 

Oct.  2 . 

11 

74(XXX) 

IB . 

.  91 

14 

3101 XJO 

23 . 

.  115 

18 

300(XX) 

:«) . 

.  110 

12 

BtXXXXI 

Nov.  B . 

.  120 

9 

lOKXXXI 

13 . 

.  121 

10 

20600(X) 

20 . 

.  128 

12 

1340iXXI 

27 . 

.  i:io 

9 

510(XX) 

Dec.  4 . 

.  114.5 

3;5(XXX) 

11 . 

.  114 

10 

6.5tXXX) 

18 . 

.  114 

8 

.51(XXX) 

20 . 

.  178 

7 

16.50000 

Edwin  Oakes  Jordan 


285 


TABLE  III.— Desplaines  Kiver. 


Date. 

Lochport. 

Chlorine. 

(Pts.  per  million.) 

Temperature 
of  water,  °C. 

No,  of  colonies 
per  cc. 

May  22 . 

.  3.4 

4.500 

2« . 

3600 

•Tune  5 . 

.  2.8 

6050 

12 . 

4200 

in . 

.  4 

20 

4500 

26 . 

.  4 

24 

1250 

.luly  3 . 

.  4.9 

6300 

10 . 

.  4.0 

24 

6500 

Yi . 

24 

52(X) 

24 . 

.  7.7 

26 

11650 

31 . 

23 

81.50 

Aug.  7 . 

.  6.6 

23 

4750 

21 . 

.  10.2 

24 

2300 

2« . 

.  0.3 

25 

44100 

Sept.  4 . 

.  7.4 

21 

2400 

11 . 

.  8 

20 

0800 

18 . 

.  7.8 

18 

10000 

!25 . 

16 

2800 

Oct.  2 . 

7 

12 

16400 

8 . 

.  8.6 

12 

4000 

16 . 

.  8.6 

20 

8400 

23 . 

.  7.4 

20 

11400 

30 . 

.  8.1 

14 

a500 

Nov.  6 . 

.  11.2 

0 

8700 

13 . 

.  12.8 

8 

3400 

27  . 

.  18.1 

8 

a500 

Dec.  11 . 

.  8.9 

9 

12000 

18 . 

.  10.0 

0 

34000 

Date. 

TABLE  IV.— Despi.ain'ES 
Joliet  (above  town). 

Chlorine. 

(Pts.  per  million.) 

Kiver. 

Temperature 
of  water,  °C. 

No.  of  colonies 
per  cc. 

May  2:1 . 

3!X)000 

20 . 

.  73 

230000 

,lune  . 

.  .  48 

530000 

12  . 

. .  02 

1620000 

10 . 

.  113 

21 

280000 

26 . 

.  00 

21 

500000 

July  3 . 

.  112 

22 

13.5UX1 

10 . 

.  107 

21.5 

115(KH) 

17 . 

.  80 

21 

575000 

24 . 

.  IH) 

23 

60000 

31 . 

.  105 

22 

20000 

Aug.  7 . 

.  Kti.S 

21 

70000 

21 . 

.  104 

24 

:!05(XX) 

26 . 

.  112 

22 

400000 

Sept.  4 . 

.  116 

20 

140000 

11 . 

.  114 

11 

tXXIOOO 

18 . 

.  107 

18 

00000 

25 . 

.  121 

15 

230000 

Oct . 

.  02 

20 

.500000 

2:1 . 

.  100 

13 

ttlOiXH) 

30 . 

.  127 

4.50(XX) 

Nov.  13 . 

.  112 

87UXX) 

21 . 

.  144 

131(XXX) 

27 . 

.  118 

77(XXX) 

Dec.  4 . 

.  112 

67(XXX) 

11 . 

.  08 

tK>(XXX) 

18 . 

.  i:io 

4iXXXX) 

26 . 

.  120 

84(XXX) 
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TABLE  V.— Desplaines  River. 
Juliet  (below  towiil. 


Date. 

Chlorine. 

Temperature 
of  water,  °C. 

No.  of  colonies 

( I’ts.  per  million.) 

per  cc. 

May  23 . 

054600 

39 . 

.  74 

61C000 

June  5 . 

.  48 

8500(0 

12 . 

.  94 

700000 

19 . 

.  113 

19 

530000 

20.  . . 

.  87 

21 

180000 

July  3 . 

.  113 

22.5 

170000!) 

10 . 

.  100 

21 

120000 

17 . 

.  82.5 

22 

830000 

.  90 

25 

170000 

31 . 

.  102 

22 

:».5(KX) 

Aug.  7 . 

.  134.75 

20 

390000 

21 . 

.  115.5 

23 

251.5000 

28 . 

.  117 

23 

370000 

Sei)t.  4 . 

.  128 

22 

2540000 

11 . 

.  113 

17 

280000 

18 . 

.  109 

18 

120000 

TABLE 

VI.— Kank.\kee 

River. 

Wilmiinitou. 

Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

1  Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  ec. 

.Tune  5  . 

.  .  ..  1.8 

3 

4700 

12 . 

.  1.05 

2.5 

3500 

19 . 

.  1.05 

1.5 

24 

70.50 

20 . 

1 

24 

28(0 

July  3 . 

.  2 

.8 

25 

22(K) 

10 . 

.  2.4 

1 

3il 

1900 

17 . 

.  3.3 

1.5 

22 

.5'.KK) 

24 . 

.  3.8 

1.25 

27 

2100 

31 . 

.  3.4 

1.25 

24 

42.50 

Aug.  7 . 

.  3.4 

1 

22 

1850 

21 . 

.  4.1 

1.2 

22 

.30.50 

28 . 

.  3.7 

.8 

25 

2(KK) 

Sejit.  4 . 

.  3.9 

.8 

23 

19.50 

11 . 

.  4.0 

.8 

19 

1400 

18 . 

.  3.9 

.8 

20 

I5IHI0 

25 . 

.  4.9 

.8 

11 

4100 

Oct.  2 . 

.  3.8 

.7 

8 

2100 

9 . 

.  3.8 

.8 

13 

1700 

10 . 

.  3.8 

.8 

19 

1500 

2:1 . 

.  4.0 

.8 

14 

4(MNI 

30 . 

.  3.8 

.8 

10 

4IHMI 

Nov.  0 . 

.  4.2 

1.2 

5 

2100 

13 . 

.  3.0 

1.5 

5 

0900 

20 . 

.  2.<i 

1.7 

8 

4400 

.  3 

1.5 

5 

2300 

Dec.  11 . 

.  3.3 

1.7 

0 

.5(MKI 

18 . 

.  2.8 

2 

0 

LKKIO 

Edwin  Oakes  Jordan 
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TABLE  VII.— Illinois  River. 
Morris. 


Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  39 . 

.  42 

7.3 

21 

782000 

June  5 . 

.  19.2 

9.11 

24 

115000 

13 . 

.  39.1 

ti 

20 

720000 

19 . 

.  60.5 

t) . 

24 

2.50000 

‘>■7 

.  48 

5.0(i 

24 

040000 

July  11 . 

.  07 

5.3 

24 

270000 

17 . 

.  37 

7.5 

24 

30000 

31 . 

.  62 

6 

24 

27.5000 

Aug.  7 . 

.  71.75 

0.3 

24 

13(K)00 

21 . 

5.1 

25 

65000 

29 . 

.  93.5 

4.1 

20 

70000 

Sept.  4 . 

.  90 

4.1 

2o 

570000 

12 . 

.  98 

5.3 

20 

1140000 

19 . 

.  91.5 

5.2 

13 

SHiOOO 

mO  ••«••• 

.  100 

5.0 

17 

345000 

Oct.  2 .  . 

.  im 

5.4 

10 

351000 

7 . 

.  tiO 

5 

13 

tKBOOO 

10 . 

.  02 

5.6 

20 

16000 

23 . 

5.6 

15 

434000 

30 . 

.  73 

5.1 

10 

40li000 

Nov.  0 . . — 

0 

10 

5ti8000 

14 . 

.  .50 

6.8 

8 

372000 

20  . 

.  47 

6.3 

{} 

178000 

or 

.  70 

6 

0 

2:mooo 

Dec.  20 . 

.  .50 

14 

IhVHK) 

TABLE 

VHL— E().\  River. 

Ottawa. 

Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  ce. 

May  29 . 

.  1.25 

6 

29.5(K) 

June  5 . 

.  2.2 

4 

2!» 

27000 

12 . 

.  2.85 

3 

26 

lti.500 

19 . 

.  2.85 

4 

28 

4000 

20...  . 

.  3.3 

3 

27 

5000 

July  3 . 

.  2.9 

3 

28 

.80(Hl 

10 . 

.  3.9 

3 

28 

2.500 

17 . 

5 

20 

31500 

24 . 

.  3.1 

3 

28 

lilOO 

31 . 

.  5.1 

3 

25 

1800 

Aug.  7 . 

4 

27 

10.50 

21 . 

4 

28 

4.50 

2S . 

.  4.9 

3 

31 

ti400 

Sept.  4 . 

3.5 

2ti 

1200 

11 . 

.  5.1 

4 

2t) 

1400 

IS . 

.  4.7 

4 

21 

3700 

125 . 

.  0 

4 

18.5 

3.500 

Oct.  2 . 

4 

10 

2.500 

9 . 

4 

17.5 

8700 

10 . 

4 

17 

1000 

2.1 . 

. 

4.5 

17.5 

1500 

30 . 

.  7.4 

4 

13 

DMIO 

Nov.  U . 

.  (i.2 

4 

9 

1700 

13 . 

.  5.4 

3.5 

9.5 

1000 

20 . 

.  5.7 

3.5 

13 

3700 

**7 

8.5 

7 

3200 

Dec.  11 . 

.  0.4 

4 

10 

(tMH) 

21 . 

.  7.4 

4 

2 

3200 

2S . 

3.5 

0 

5.500 
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TAHLE  IX.— Iiii.iNOis  Kivek. 
Ottawa  (above  town). 


Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

•June  lit . 

.  25.. 5 

4.5 

20 

00000 

2t> . 

.  37.4 

4 

20 

15000 

July  3 . 

.  43 

3.5 

27 

.50000 

10 . 

.  02 

4 

27 

25000 

17 . 

.  43.5 

0 

lio 

05000 

24 . 

.  a5 

4 

29 

8000 

31 . 

4 

20 

21000 

Au(f.  7 . 

.  53 

3 

28 

2050 

21 . 

.  00 

3 

27 

27.50 

28 . 

4 

30 

0.50 

Sept.  4 . 

.  47.8 

3 

25 

9.500 

11 . 

.  »4 

3.5 

24 

38300 

18 . 

.  Ill 

3.5 

20.5 

17400 

. 

.  81.5 

3 

18 

13400 

Oct.  2 . 

.  95 

3 

15 

7300 

1) . 

.  a5.5 

3 

10 

2800 

10 . 

.  09 

3 

18 

7300 

23 . 

.  09 

3 

18 

5200 

30 . 

.  01 

3.5 

13.5 

8200 

Nov.  0  . 

.  04 

3 

8 

.52000 

13 . 

.  42 

3 

9 

1300 

24 . 

.  81 

3 

13 

9000 

.  40 

3 

7 

2.5.500 

Dee.  11 . 

.  44 

3 

11 

108000 

21 . 

.  34 

3.5 

o 

29000 

28 . 

3 

0 

130000 

Date. 

TAllLE  X.— Hio  Vekmilion  Uiveu. 

La  Salic. 

Chlorine.  No.  of 

(Pts.  per  colonies  Date. 

Chlorine. 
(Pts.  per 

No.  of 
colonies 

May  24 . 

million.) 

<1 

per  cc. 

42(K)  Sept. 

12 . 

million.) 

80 

per  cc. 

um 

30 . 

13.4 

1680 

19 . 

84 

1600 

June  0 . 

H.55 

6250 

26 . 

131 

1700 

15 . 

Ifi.O 

.5100  Oct. 

3 . 

127 

.3700 

20 . 

8.8 

1.5.50 

10 . 

118 

3!HKI 

18.. 55 

1100 

17 . 

123 

4700 

July  4 . 

29.9 

24.50 

24 . 

109 

3700 

11 . 

8.1 

31(K) 

31 . 

114 

18(K) 

18 . 

9.25 

8150  Nov. 

7 . 

118 

2.500 

25 . 

21.5 

18.50 

21 . 

82 

47300 

Aug.  1 . 

31.4 

17(K) 

28 . 

104 

.58(H) 

8 . 

48.1 

18(X)  Dec. 

5 . 

113.5 

105(H) 

»>»> 

35 

11X50 

12 . 

80 

23000 

29 . 

.53 

lOKX) 

19 . 

30 

12(H)0 

Sept.  5 . 

(ili 

2800 

26 . 

12 

62000 

Edwin  Oakes  Jordan 
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TAHLE  XI.— Ii^LiNOia  Kivek. 


La  Salle. 


Chlorine. 

No.  of 

Chlorine. 

No.  of 

Date. 

(Pts.  per 

colonies 

Date. 

(Pts.  per 

colonies 

million.) 

per  ce. 

million.) 

per  cc. 

May  24 . 

15 

11100 

Sept.  19 . 

71.5 

2900 

30 . 

12 

2.5000 

20 . 

72 

700 

June  t) . 

8.7 

WiOO 

Oct.  3 . 

82 

3000 

15 . 

22.2 

2000 

10 . 

74 

0800 

20 . 

22.1 

14500 

17 . 

07 

10400 

'Zl . 

40 

4900 

24 . 

58 

10400 

July  4 . 

!10.7 

7000 

31 . 

52 

r)ti00 

11 . 

03 

71.50 

Nov.  7 . 

00 

7700 

18 . 

29 

11850 

14 . 

34 

14200 

25 . 

30 

2000 

21 . 

3:1 

7900 

Aug.  1 . 

4T.5 

10.50 

28 . 

37 

0000 

8 . 

48 

1800 

Dec.  5 . 

43.5 

27500 

22 . 

03.5 

IWK) 

12 . 

39 

14200 

29 . 

«7.5 

0900 

19 . 

31 

228000 

Sept.  5 . 

77.5 

IKK) 

20 . 

20 

32400 

12 . 

09 

800 

TAHLE 

XII.— Il.I.INOlS  AND  MlCIlUiA.V 

Canat.. 

La  Salle. 

Chlorine. 

No.  of 

Chlorine. 

No.  of 

Date. 

(Pts.  per 

colonies  Date. 

(Pts.  per 

colonies 

million.) 

per  ce. 

million.) 

per  cc. 

May  24 . 

12 

20000  Sept. 

12.. 

...  IH.5 

104000 

30 . 

13.3 

30000 

19.. 

20 

02000 

June  0 . 

11.5 

22500 

20.. 

21 

30000 

15 . 

9.8 

20000  Oct. 

3.. 

18 

22000 

20 . 

11.3 

13000 

10.. 

14 

34000 

•>7 

8.75 

91.500 

17.. 

15 

01000 

July  4 . 

8.7 

10.500 

24.. 

14 

31000 

11 . 

12 

23000 

31.. 

17.5 

48(K)0 

18 . 

10.3 

19500  Nov. 

7. . 

15 

10tK)0 

25 . 

15 

42000 

21.. 

12 

1.52000 

Aug.  1 . 

13 

24000 

28.. 

13 

52(K)0 

8 . 

12 

745tK)  Dec. 

5.  . 

...  15. .5 

84000 

.X) 

13 

24350 

12.. 

20 

147000 

29 . 

13 

477.50 

19.. 

33 

107000 

Sept.  5 . 

15 

191KK) 

20. . 

40 

:19000 

Date. 

TAHLE  XIII.-lF.i.lNOis 

Henry. 

Chlorine. 

UlVEll. 

Temperature 

No.  of  colonies 

(Pt.s.  per  million.) 

of  water,  °C. 

per  cc. 

May  30 . 

.  12.0 

14500 

June  0 . 

.  12.0 

29 

20000 

12 . 

.  10.4 

29 

8500 

20 . 

.  20.4 

30 

7000 

*^7 

.  35.1 

28 

11.500 

July  5 . 

.  20.1 

29 

27(KIO 

12 . 

.  48.5 

30 

30.5(K) 

26 .  .. 

.  27.5 

31 

43iKK) 

Aug.  2 . 

.  37.5 

29 

10500 

8 . 

.  44 

20 

4.5(H) 

♦x> 

.  54.5 

28 

JIOCO 
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TABLE  Xtir.— li.LijJors  River.- Continued. 


Henrji. 


Date. 

Chlorine. 

Temperature 

No.  of  colonies 

(I’ts.  jier  million.) 

of  water,  °C. 

per  cc. 

Sept.  0 . 

.  .50 

20 

10600 

12 . 

.  .  00 

20 

5200 

13 . 

.  08 

21 

2900 

20 . 

.  fi8 

18 

1100 

Oct.  3 . 

.  00 

15 

3100 

10 . 

10 

7200 

17 . 

.  07 

13 

6800 

*25  •»••  . . .  •• 

.  01 

14 

2000 

31 . 

.  53 

10 

2500 

Nov.  7 . 

.  .53 

0 

800 

15 . 

.  45 

0 

4000 

.  30.5 

8 

4400 

28 . 

.  35 

8 

2700 

Dec.  5 . 

.  41.5 

3 

47(X) 

12 . 

.  44 

2 

16300 

10 . 

.  34 

0 

74000 

.  20 

0 

4»i00 

TABLE  XI V.— li,i,[NOls  UiVKK. 
Avcrui'iUe. 


Chlorino. 


Date.  (Pts.  per 

inilliuri.) 

May  iiO .  :J0 

.lime  H .  l.'i.l 

12 .  11.5 

2(1 .  lli.T 

2T .  lit.i 

.luly  :i .  18 

10 .  :«.:■) 

18 .  U 

25 .  20 

Aug.  1 .  :u 

8 .  20 

22 .  40.5 

20  .  45 

Sejit.  5 .  51 

12 .  .51 

10 .  53 

2(i .  50 

Oet.  3 .  05 

10 .  07 

17 .  00 

24 .  00 

31 .  03 

Nov.  7  .  54 

14 .  .51 

21  .  47 

28 .  :i2 

Dee.  5 .  34 

12 .  38 

10 .  40 

20 .  31 


Stage  of 
river 
in  feet. 

Temperature 
of  Avater, 

°C.  . 

No.  of 
colonies 
per  cc. 

;!0.40 

2460 

31.80 

25 

34.50 

30.70 

26 

.5200 

20.40 

26 

050 

28 

26 

3550 

27.10 

26 

77.50 

27.70 

26 

10.50 

20.10 

26 

3000 

28.75 

28 

3200 

27.  (Ml 

3500 

27.  (Ml 

24 

IKK) 

26.65 

26 

1350 

26.70 

28 

2(KK) 

27 

27 

7300 

27.25 

21 

2000 

27.50 

20 

1400 

27.35 

12 

1600 

27.25 

12 

(iOO 

27.22 

15 

1800 

27..5.5 

18 

2800 

27.. 50 

15 

3400 

27.80 

12 

.500 

27.80 

7 

2310 

28.15 

<1 

:«M)0 

28.25 

10 

19.500 

28.10 

6 

1.500 

27. (HI 

3 

1.500 

28.20 

5 

37(H) 

28.  !K) 

1 

11600 

20.80 

0 

7000 
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TABLE  XV.— Iij^iNOis  UiVEK. 
B'eslcy  Citij. 


Chlorine. 

Temi)erature  No.  of  colonies 

(Pts.  per  nullion.) 

of  water,  °C. 

per  cc. 

May  2!) . 

12.85 

932(K)0 

.June  7 . 

lti.5 

440000 

13 . 

13.9 

37.5000 

B» . 

14 

2785(KX) 

2ti . 

18.7  • 

3:100000 

.luly  3 . 

18.0 

1975000 

10 . 

33.75 

275000 

24 . 

28.5 

05000 

Aug.  21 . 

41.5 

710000 

28 . 

43 

205(H)0 

Sept.  5 . 

40 

38 

170(H)0 

12 . 

40 

20 

340000 

2(i . 

53 

15 

.5000 

Oct.  3 . 

.53 

13 

]()0(XK)0 

10 . 

67 

13 

8110000 

31 . 

67 

10 

2080000 

.\ov.  7 . 

59 

0 

80000 

15 . 

52 

10 

.530000 

22 . 

52 

0 

5000 

Dec.  5 . 

35 

20(X)0 

13 . 

;i8 

40000 

20 . 

37 

50<X) 

TABLE 

XVI.— Ir.MNOlS  lUVKU. 

Pekin. 

Chlorine. 

Stage  of 

Temperature 

No.  of 

Hate. 

(Bts.  per 

river 

of  water. 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  24 . 

15.8 

3.5 

18 

1200(X) 

:i0 . 

. .  15 

3.0 

18 

.542(XX) 

.luiie  ti . 

14 

4.7 

26.25 

121XXX) 

13 . 

12.0 

3.5 

25 

205(XX) 

21 . 

14.0 

2 

20 

225000 

or 

15.3 

1 

•>7 

20:XXXX) 

.1  uly  0 . 

17.8 

2 

24 

.52(XXXI 

12 . 

34.25 

1 

28 

143.50(X) 

18 . 

40 

2 

20 

47(XXX) 

^5 . 

27.5 

1.5 

30 

98(X)00 

Aug.  1 . 

:54 

1 

2') 

194(XXXI 

8 . 

2T 

1 

21 

9,s.5000 

. 

41.5 

0.5 

20 

KXXX) 

20 . 

43 

1 

2*.» 

301XX) 

Sept.  5 . 

48 

1 

28 

«50(XX) 

12 . 

50 

1 

20 

31(XXX) 

18 . 

43.5 

1.5 

20 

24(XXX) 

20 . 

53 

1 

15 

12(XX)0 

Oet.  3 . 

01 

1 

12 

5(XXXXI 

10 . 

55 

1 

12 

4:xxxx) 

31 . 

00 

1.5 

10 

3(XXX) 

Nuv.  7 . 

58 

1 

0 

1.5(XXXI 

15 . 

51 

2 

10 

:xxxx) 

. 

48 

1.5 

0 

lt!5(XXXI 

30 . 

35 

1.5 

0 

380(XX) 

Dee.  5 . 

34 

0.5 

IfiXXX) 

13 . 

:«i.5 

2 

KXXX) 

20 . 

38 

2 

.5000 
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TABLE  XVII.— ILT.INOIS  lUVKR. 
Havana. 


Chlorine. 

Stiige  of 

Temi>erature 

No.  of 

Bate. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  30 . 

.  13.6 

8.7 

21 

4500 

.June  6 . 

.  13 

9.3 

26 

18450 

13 . 

.  13.5 

8.8 

2*) 

1.5900 

20 . 

.  12.1 

7.5 

26 

2500 

28 . 

.  14.9 

5.2 

2<) 

4.500 

■Tuly  5 . 

.  14.7 

4.7 

26 

2400 

12 . 

.  23 

4.1 

26 

7:100 

19 . 

.  36 

4.9 

27 

5700 

20 . 

.  31 

4.8 

30 

8.50 

Aug.  9 . 

4.1 

26 

15.50 

2;j . 

.  :u 

3 

26 

'.HX) 

30 . 

.  39 

29 

9800 

Sept.  0 . 

.  40 

2.4 

29 

liKIO 

U . 

.  46 

2.5 

22 

1.500 

20 . 

.  35 

3.5 

14 

:uoo 

.  49 

3 

16 

;)700 

Oct.  4 . 

.  52 

3 

14.5 

2.500 

11 . 

.  .59 

3.2 

16 

6600 

18 . 

.  .58 

3.2 

17 

,8800 

25 . 

.  60.5 

3 

12 

3900 

Nov.  1 . 

.  »« 

3.5 

9 

7000 

15 . 

.  .51 

3.7 

10 

SlOO 

»>*> 

4.4 

11 

128000 

29 . 

.  43 

4 

6 

41600 

Dec.  0 . 

3.1 

o 

85000 

20 . 

.  :i.5  4.8 

TA 1! LE  X VIM.-Sa.\o.4 mo.v 

Chandler  fill  V. 

1 

UiVKII. 

66800 

Date. 

Chlorine. 

Stage  of 

Temperature 

No.  of 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  31 . 

.  2.35 

8 

») 

84(X) 

.liino  0 .  . 

.  3.2 

8 

26.5 

11«)0 

21 . 

.  3.3 

5 

27 

1830 

•Tuly  5 . 

.  3.6 

4 

27 

3100 

12 . 

.  4 

4 

27 

811.50 

Aug.  2 . 

.  4 

3 

26 

2100 

9 . 

.  4.9 

3.5 

25 

9900 

31 . 

.  4.5 

“  Very  low.’ 

’  27 

12(K) 

Sei.t.  13 . 

.  4.3 

22 

1!K)0 

20 . 

.  4.7 

19 

11.500 

28 . 

.  3.3 

7 

4200 

Oct.  4 . 

.  4.6 

6 

1300 

18 . 

.  3.1 

12 

2(X)0 

25 . 

.  4.4 

18.5 

3200 

Nov.  1 . 

.  4.9 

10 

15tX) 

8 . 

.  5.8 

1 

10 

108(K) 

»>»> 

.  6 

2 

12 

7900 

29 . 

1 

7 

2500 

Dec.  0 . 

.  6 

1 

3 

1200 

13 . 

.  .M 

3 

4 

6400 

20 . 

.  5.4 

2.5 

2 

5900 
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TAIU.E  XIX.— ILLINOIS  UivEK. 


Beaf<l»tmen. 


Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water. 

colonies 

million.) 

in  feet. 

“C. 

per  ce. 

May  34 . 

.  10.15 

10.04 

9300 

.lime  1 . 

7 

11.08 

.51.50 

19 . 

....  9 

9.4 

26 

55UU 

.luly  t) . 

.  10.tt5 

7.1 

25 

7800 

13 . 

.  10 

0.7 

29 

4700 

.  33 

0.8 

21 

1700 

•Vug.  3 . 

.  30 

0.4 

20 

.54.50 

10 . 

.  23 

7.9 

21 

:iooo 

34 . 

.  19.2 

0.25 

21 

4200 

31 . 

.  28 

(i.75 

20 

3000 

Sept.  7 . 

.  28 

0.3 

26 

&500 

14 . 

t).3 

10 

1.500 

38 . 

.  33.5 

0.4 

10 

3700 

Oct.  5 . 

.  :58.5 

ti.3 

13 

:!900 

13 . 

0.3 

17 

:5.500 

19 . 

.  40 

18 

8.500 

30 . 

.  49 

0-5 

19 

2tHJ0 

Nov.  3 . 

.  49 

0.7 

3 

4800 

9 . 

0.015 

8 

33800 

10 . 

.  40 

0.8 

13 

2400 

2;} . 

.  37 

7.35 

10 

7400 

:io . 

.  39 

0.0 

0 

26400 

Dec.  7 . 

.  !i0 

0 . 45 

4 

21900 

14 . 

.  20.5 

7 

0 

65000 

21 . 

.  30 

7.7 

-1 

120000 

28 . 

32 

7 

-1 

13.500 

I 


Date. 

May  31 
.luly  5 
19 
2(> 

Aug.  3 
34 

Sept.  6 
13 
30 

(let.  11 
18 

37 

Nov.  4 
1.5 
33 

38 

Dec.  6 
30 


TABDE  XX.— Ii.i.iNOis  Kiver. 


Kamjm'llle. 


Chlorine. 

Temperature 

No.  of  colonies 

(Pts.  i)er  million. 

of  water,  °C. 

per  cc. 

3.8 

23 

8490 

8.1 

27 

7750 

17.5 

29 

600 

.30 

28 

900 

31 

28 

29.50 

15.8 

28 

550 

19 

29 

710 

13 

23 

340 

17 

19 

4400 

24 

17 

3:100 

39 

17 

.530 

36 

20 

5100 

36 

18 

KiOO 

39 

12 

2:100 

41 

13 

1800 

34.5 

13 

19100 

31 

11 

4.300 

33.5 

5 

3500 

19 

2 

2:1.500 
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TABLE  XXT.— Illinois  River. 
G-raftnn. 


Chlorine. 

stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  24 . 

.  6.8 

17.5 

1690 

.31 . 

.  3.7 

16.1 

5730 

J  uiie  7 . 

.  5.1 

16.7 

23 

17000 

14 . 

.  7.35 

14.1 

26 

97000 

21 . 

26 

30000 

July  5 . 

.  7.5 

17.6 

29.5 

9000 

12 . 

.  9 

13.2 

29 

6000 

lit . 

.  11.8 

iK7 

33 

4000 

2(1 . 

.  21 

7.6 

34 

11.500 

Aug.  it . 

.  12.7 

7.6 

35 

1.50.50 

21 . 

.  14.6 

4.2 

31 

1400 

30 . 

.  13.4 

3.3 

30 

1400 

Sept,  ti . 

.  19 

3.4 

35 

vm 

13 . 

.  17.8 

4.4 

24 

180 

20 . 

.  21.2 

.8 

20 

1340 

37 . 

4.7 

19 

1.500 

Oct.  4 . 

.  19.1 

18 

1200 

11 . 

.  37.  H 

3.2 

17 

800 

35 . 

.  29 

3.75 

19 

440 

Nov.  1 . 

.  27.5 

3.4 

18 

1.500 

8 . 

.  40 

5.4 

9 

830 

15 . 

.  40 

0.3 

10 

580 

33 . 

.  30 

() 

13 

.3(KI0 

20 . 

.  26 

5.9 

8 

.5200 

Dec.  2 . 

.  32.5 

4.3 

3 

13iH) 

13 . 

4.3 

3 

22(K) 

20 . 

4.4 

3 

29100 

'*T 

.  33 

2.1 

0 

35000 

TABLE  XXIT.-Mississii'i’i  River. 
Grafton. 


Chlorine, 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonics 

million.) 

in  feet. 

°C. 

per  cc. 

May  24 . 

.  1.6 

17.5 

8000 

31 . 

.  .3 

16.1 

23 

8940 

Juno  7 . 

.  1.6 

16.7 

23 

2tKlfl0 

14 . 

.  1.8 

14.1 

24 

31(KK) 

21 . 

.  1.5 

27 

IfKKX) 

28 . 

.  1.3 

26.5 

9000 

July  5 . 

.  .6 

14.6 

2ti 

5000 

12 . 

.  1.7 

13.2  • 

37 

15(KK) 

19 . 

.  1.7 

1*.7 

28 

t)500 

26 . 

.  2.1 

7.t> 

30 

1500 

Aug.  9 . ;. 

.  3.i» 

7.6 

2(i 

4:100 

21 . 

.  3.1 

4.2 

26 

iX)0 

:io . 

.  3 

3.3 

28 

1400 

Sept.  6 . 

3.4 

30 

1300 

13 . 

.  2.6 

4.4 

23 

1800 

20 . 

.  2.8 

4.8 

20 

2000 

37 . 

4.1 

18 

2200 

Oct.  4 . 

.  2.6 

16 

4.500 

11 . 

.  3 

iJ.3 

16 

1.500 

35 . 

.  3.2 

3.75 

18 

1700 

Nov.  1 . 

.  3.5 

3.4 

16.5 

2tXX) 

8 . 

.  3 

5.4 

9 

5800 

15 . 

.  3 

6.2 

10 

5400 

23 . 

.  3 

6 

12 

(tXX) 

29 . 

.  3.6 

5.9 

7 

1700 

Dec.  6 . 

.  3.3 

4.3 

3 

IKX) 

13 . 

.  3.4 

4.3 

3 

800 

20 . 

.  3.8 

4.4 

1 

:)loo 

27 . 

.  18.6 

2.1 

0 

4.5(K10 
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TAIUjE  XXIII.— Mississippi  Riv^eu. 


Alton  (cast  bank). 


Chlorine. 

Stage  ot 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  . 

.  «.« 

17.. 50 

10 

3470 

:Uj . 

.  !J 

10.50 

21 

17400 

.lune  ~ . 

10.80 

24 

25000 

14 . 

....  0.2 

17 

10 

14500 

21 . 

.  3.0 

14.40 

19 

11000 

2H . 

.  2.7 

13.. 50 

27 

3S)000 

July  r, . 

.  2.8 

15.30 

20 

.5000 

12 . 

.  4.35 

15.80 

29 

5.500 

1!) . 

12.20 

28 

:iooo 

. 

.  0.5 

30 

5500 

Aug.  2 . 

.  15.7 

7.20 

29 

.V)00 

. 

.  12.2 

7 

20 

0500 

;iu . 

3.1 

28 

1200 

Sei)t.  6 . 

. 

2.9 

30 

000 

20 . 

.  0.0 

4 

20 

3000 

Ti . 

3.8 

18 

231-10 

(X-t.  4 . 

•J.s 

15 

2200 

11 . 

2.2 

10 

1700 

1.9 

18 

2tRI0 

Xov.  1 . 

.  11.4 

2.3 

12 

0250 

15 . 

.  10.8 

5.4 

10 

2700 

. 

.  15.4 

3.8 

8 

1800 

Dec.  i:5 . 

.  10.5 

3 

4 

7800 

20 . 

.  0.0 

3 

0 

12700 

TARI.E  XXI V.— Mississippi  Uivek. 


Alton  (east  of  centre). 


Chlorine. 

Stage  of 

Temperature 

No.  of 

1  late. 

IPts.  i)er 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  ce. 

May  24 . 

.  2.»> 

17.. 50 

18 

5800 

31 . 

.  3.3 

19.50 

21 

0.500 

June  7 . 

.  1.7 

10.80 

24 

24500 

14 . 

.  2.3 

17 

10 

18000 

21 . 

14.40 

10 

13000 

lift . 

.  1.0 

13.  TR) 

27 

7(K)0 

.luly  5 . 

.  1.1 

1.5.:i0 

20 

8<K)0 

12 . 

.  2 

15.80 

20 

7000 

10 . 

.  3.45 

12.20 

28 

3500 

20 . 

.  4.8 

9 

30 

7500 

Aug.  2 . 

.  5.8 

7.2 

2t» 

2500 

9 . 

7 

20 

4500 

:«) . 

.  5.9 

3.1 

28 

12,50 

Sept.  0 . 

2.9 

30 

000 

20 . 

.  7.8 

4 

20 

5400 

27 . 

.  5.4 

3.8 

18 

2200 

Oct.  4 . 

2.8 

15 

1000 

11 . 

.  0.3 

2.2 

10 

1300 

.  0.0 

1.0 

18 

2100 

Nov.  15 . 

5.4 

10 

1700 

. 

.  10.2 

3.8 

8 

1000 

Dee.  20 . 

.  0.4 

3 

0 

40400 

20 
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TABLE  XX V.— Mississippi  Uiveh. 

Alton  (miclatroiim). 

Chlorine.  Stage  of  Temperature  No.  of 


Date.  (Pts.  per  river  of  water,  colonies 

million.)  in  feet.  °C.  per  cc. 

May  24 .  2.1  17.50  18  7180 

31 .  1.7  18.50  21  13750 

•lune  7 .  1.3  18.80  24  27.500 

14 .  1.5  17  19  22500 

21 .  1.8  14.40  19  7000 

38 .  .75  13.50  27  8500 

.July  5 .  .8  15.30  28  8000 

12  .  2.25  15.80  29  10000 

lit .  2.15  12.20  28  ilOOO 

28  .  2.5  9  30  8000 

Aug.  2 .  2.7  7.2  29  1000 

0 .  3.1  7  26  3000 

30 .  4.5  3.1  28  700 

Sept.  8 .  4.1  2.9  :i0  900 

20  .  5.2  4  20  1300 

27  .  3.5  3.8  18  2200 

Oct.  4 .  3.8  2.8  15  2t)00 

11 .  4.1  2.2  16  1700 

.  6.8  1.9  18  ItKK) 

Nov.  1 .  8.1  2.3  12  6100 

29  .  7.2  3.8  8  JJOOO 

Dec.  13  .  8  3  4  2000 

20  .  8.5  3  0  9.500 
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TABLE  XXV'Il.-MissisaiPPi 

UlVER. 

Alton  (west  bank). 

- 

Chlorine. 

stage  of 

Temperature 

No.  of 

Date. 

( Pts.  per 

river 

of  water. 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

May  24 . 

17.50 

18 

11700 

31 . 

16.50 

21 

17500 

.Tune  7 . 

.  1.2 

16.80 

24 

37.500 

14 . 

.  1.8 

17 

19 

24.500 

21 . 

.  1.6 

14.40 

19 

160(» 

28 . 

13..50 

27 

5500 

July  5 . 

.  .8 

15.3 

26 

10500 

12 . 

15.8 

29 

8(X)0 

1!) . 

12.2 

28 

6(X)0 

26 . 

.  2.7 

9 

30 

11000 

Aug.  2 . 

.  2 

7.2 

28 

3000 

9 . 

.  2.95 

7 

26 

1000 

30 . 

.  3.4 

3.1 

28 

G50 

20 . 

.  3 

4 

20 

2900 

27 . 

3.8 

18 

1500 

Oct.  4 . 

.  2.7 

2.8 

15 

2000 

.  6.6 

1.9 

18 

1400 

Nov.  1 . 

.  3.8 

2.9 

12 

900 

15 . 

.  1.8 

5.4 

10 

3400 

29 . 

.  :j.2 

3.8 

8 

1200 

Dec.  13 . 

.  2.8 

3 

4 

2200 

20 . 

.  4 

3 

0 

2100 

T A  B  L  E  X  X  V n  1 .- M issou  u  I 

UlVEIl. 

ir.  Alton,  Mo. 

Chlorine. 

Stage  of 

Temoerature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

million.) 

in  feet. 

°C. 

per  cc. 

^  July  27 . 

.  .5.5 

13.3 

29 

8000 

Aug.  17 . 

.  7.6 

8.3 

28 

4000 

Sept.  7 . 

_  8.9 

7.3 

29 

3750 

14 . 

.  10.6 

*i.7 

22 

12800 

21 . 

.  12.4 

6.1 

20 

.5600 

28 . 

.  13.6 

5.5 

18 

4ti00 

Oct.  5 . 

.  15.3 

5 

17 

7.500 

12 . 

.  15.6 

4.8 

22 

2100 

19 . 

.  13.9 

4.6 

18 

20900  j 

26 . 

.  17.4 

4.5 

19 

4000  ] 

Nov.  2 . 

.  16 

4.7 

11 

10600  1 

16 . 

.  27 

4.4 

12 

8000  j 

30 . 

.  lt>.8 

5 

10 

6900 

Dec.  7 . 

.  17.4 

5 

10 

7700 

14 . 

.  18.4 

6.8 

0 

6ii00 

21 . 

.  18.8 

4.9 

2 

7700 

28 . 

.  24.4 

3.2 

1 

18200 
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TABLE  XXIX.— Mississippi  1{ivi:k. 


Chain  of  ltnch>  hank). 


Chlorino. 

StafTO  of 

'I'emporaturo 

No.  of 

Date. 

1  Pts.  pci- 

river 

of  water, 

colonies 

million,. 

in  foot. 

oc. 

per  ce. 

May  3.5 . 

.  2.ti 

25 

100.50 

.lune  1 . 

.  3.1 

;i2.7 

22.5 

1ti7,50 

15 . 

.  5.1 

34.8 

24.5 

IIJKKIO 

4 

28.8 

20 

33.5(H) 

2il . 

.  :j.5 

20.4 

34 

10000 

July  13 . 

.  2.0 

33.0 

27 

33000 

30 . 

.  4.1 

30.0 

30 

18(K)0 

.  3.5 

10.0 

20 

3(K)0 

Autr.  3 . 

.  5.1 

14.3 

30 

7(KX) 

10 . 

.  5.(» 

13.0 

36 

4100 

34 . 

.  5.3 

It.  7 

27 

17.50 

31 . 

.  5.0 

7.5 

27 

3(KX) 

Sept.  7 . 

.  r).(i 

0.0 

30 

1!500 

14 . 

....  4.0 

0.0 

22 

15(H) 

31 . 

.  0.7 

0.0 

10 

34(H) 

38 . 

.  5.:i 

5.3 

10 

1800 

Oe-.  5 . 

.  2.5 

4.5 

15 

2000 

30 . 

7.4 

3 

17 

1.5(H) 

Nov.  3 . 

.  8.3 

3.0 

0 

4()(H) 

13 . 

.  0.3 

0.2 

0 

.53(H) 

30 . 

.  8.4 

5 . 5 

8 

1800 

Doc.  15 . 

.  7.8 

4.0 

0 

3700 

Date. 

'IWllIiE  XXX  —Mississippi  Hivek. 

Chain  of  Jtocks  (midstream). 

Chlorine.  Stage  of  Temperature 

(Pts  per  river  of  water. 

No.  of 
colonies 

May  35 . 

million). 

in  feet. 

OC. 

per  cc, 
PilCO 

June  1 . 

.  3 

22.7 

22 

134(H) 

15 . 

.  4.1 

•34.8 

24.5 

08(HI0 

22 . 

.  3.8 

30.8 

30 

3)HK)0 

July  13 . 

.  3.3 

33.0 

•>7 

335(H) 

30 . 

30.0 

20 

18500 

27 . 

.  4.1 

10.0 

30 

8500 

Aug.  3 . 

.  5.1 

14.3 

30 

T3(H)0 

10 . 

.  4.!) 

13.0 

30 

4400 

31 . 

.  5.8 

it.  7 

27 

3(i50 

31 . 

.  0.0 

7.5 

27 

53(H) 

Sept.  14 . 

.  0.3 

0.0 

22 

5100 

31  . 

.  8.1 

0.0 

10 

30(H) 

Oct.  30.  . 

.  13 

3.3 

17 

5300 

30 . 

.  13.8 

3 

17 

DKH) 

Nov.  3 . 

.  13.4 

3.0 

0 

.53(H) 

13 . 

.  13 

(>.2 

it 

4400 

30 . 

.  13.3 

5.5 

8 

7300 

Dec . 

.  14 

4.0 

0 

4.5(H) 
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TAHLE  XXXr.— Mississii’pr  Uivku. 

Chain  rtf  RockK  (Fillet  Tower,  St.  IjOuIs  Water  Works). 


Chlorine. 

Stafre  of 

Temperature 

No.  of 

Date. 

(Pts.  iier 

river 

of  water, 

colonies 

millioni. 

in  feet. 

°C. 

per  cc. 

May  25 . 

.  3.3 

11400 

.Tune  1 . 

.  3.7 

22.7 

22 

14300 

15 . 

.  3.0 

24.8 

24.5 

OIKKIO 

. 

.  3.5 

20.8 

20 

24000 

29 . 

.  2.05 

20.4 

24 

27000 

.Tilly  13 . 

.  3.2 

23.0 

27 

2!K)00 

20 . 

.  4.5 

20.0 

20 

12000 

»>7 

.  4.0 

10.0 

20 

8500 

Aufr.  3 . 

14.3 

20 

13000 

10 . 

.  4.7 

12.0 

20 

.5150 

24 . 

.  7.1 

9.7 

27 

0.550 

31 . 

.  7.1 

7.5 

27 

44.50 

Sept.  ~ . 

.  7.8 

0.0 

2i» 

3000 

14 . 

.  8.8 

(i.li 

22 

IKKK) 

21 . 

.  9.7 

0.0 

10 

4.500 

28 . 

.  10.7 

5.3 

10 

8900 

Oct.  5 . 

.  10.8 

4.5 

15 

8900 

20 . 

.  12.2 

3.3 

17 

7.800 

20 . 

.  13.0 

3 

17 

3800 

Xov.  2 . 

.  12.1 

3.0 

9 

5100 

13 . 

.  15.0 

0.2 

9 

1800 

30 . 

.  13.0 

5.5 

8 

9400 

.  15.0 

4.0 

0 

8500 

TAHl.K  XXXI 1.— Mississippi  Uivek. 

Chain  of 

Rttclsu  (west  bank). 

Chlorine. 

StiiKC  of 

Temperature 

No.  of 

Date. 

(Pts.  jier 

river 

of  water, 

colonies 

million). 

in  feet. 

°C. 

per  ce. 

May  25 . 

.  3.95 

25 

20700 

•luno  1 . 

.  4.2 

22.7 

2:i 

11400 

15 . 

.  4.3 

24.8 

24.5 

57.500 

22 . 

.  3.5 

20.8 

2ti 

1(1500 

29 . 

.  2.85 

20.4 

24 

11.5(K) 

.Inly  13 . 

.  4.3 

2:j.9 

07 

3;t0(Ht 

20.. . 

.  4.0 

20.0 

26 

14(K)0 

•>7 

.  4.7 

10.0 

29 

10500 

Auk.  3 . 

14.3 

2ii 

10000 

10 . 

.  5.1 

12.9 

20 

27(KI 

24 . 

.  Ii.7 

9.9 

27 

5150 

31 . 

7.5 

07 

8400 

Sept.  14 . 

.  10.1 

0.0 

22 

73(HI 

21 . 

.  11.7 

f;.(! 

19 

.5!K)0 

28 . 

.  10.9 

5.3 

10 

71(H) 

Oet.  5 . 

.  13.5 

4.5 

15 

43(H) 

20 . 

.  10.7 

3.3 

17 

(XHH) 

20 . 

.  14.4 

3 

17 

2800 

Xov.  2 . 

.  12.5 

3.9 

9 

44(H) 

13 . 

.  21.2 

(i.2 

9 

32(H) 

30 . 

.  15.7 

5 . 5 

8 

7200 

.  17.9 

4.0 

0 

13.500 
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TABLE 

XXXIII. 

St.  Louis  (tap  water). 

Chlorine. 

No.  of 

Chlorine. 

No.  of 

Date. 

il’ts.  per 

colonies 

Date. 

(Pts.  per 

colonies 

million). 

per  cc. 

million;. 

per  cc. 

.Tune  (! . 

4.5 

31,50 

Aug:.  31.. 

7.1 

(KX) 

23 . 

3.3 

(1500 

Sept.  28.. 

0.(1 

14(H) 

July  6 . 

8000 

Oct.  12.. 

11.(1 

(170 

14 . 

4.H 

8000 

10. . 

11.7 

2700 

21 . 

4.(1 

1.500 

2(1.. 

13.8 

(100 

. 

.5.!» 

4.500 

Nov.  3.. 

12.5 

730 

A  UK'.  3 . 

7000 

23. . 

15.3 

930 

11 . 

(1.2 

KKK) 

Dec.  7.. 

15.1 

2(H) 

23 . 

(1 

700 

21.. 

15.2 

340 

TABLE  XXXI V.— Mississippi  Uiveii. 
Jeffertxm  linrrackH  (east  bank). 


Chlorine. 

stage  of 

Temperature 

No.  of 

Date. 

( Pts.  per 

river 

of  water, 

colonies 

million). 

in  feet. 

°C. 

l)er  cc. 

June  0 . 

.  3.7 

23.5 

20 

24100 

10 . 

.  4.2 

20 

OIKHH) 

:>2 . 

.  3.5 

28 

5)HHH) 

20 . 

.  2.85 

20.5 

20 

4000 

July  0 . 

.  2.8 

22.9 

2(1 

14(HH) 

14 . 

.  3.7 

23.0 

28 

215(H) 

21 . 

.  5.7 

10.8 

28 

9000 

.  4.8 

10.2 

I«) 

13000 

Aug-.  3 . 

.  (1 

14.3 

32 

15500 

11 . 

.  4.7 

14.4 

29 

9700 

23  . 

.  0.1 

8.(1 

30 

0750 

31 . 

.  (1.9 

7.5 

30 

3200 

Sept.  22 . 

.  (1.7 

(1.7 

10 

37800 

28 . 

.  6 

5.3 

17 

lOIOO 

Oct.  12 . 

.  (1.4 

3.5 

20 

2(HHH) 

19 . 

.  8.2 

3.2 

10 

311(H) 

26 . 

2.8 

10 

19200 

Nov.  3 . 

.  (1.7 

4 

•) 

2(H)0 

23 . 

.  7.8 

(1.0 

12 

IHHH) 

Dec.  7 . 

.  8.2 

4.8 

3 

1000 

14 . 

.  (1.8 

4.0 

3 

20(H) 

21 . 

.  9 

5.H 

0 

lllHH) 

TABLE  XXXV. 

—Mississippi  Uiveii. 

Jeff  erson  ItaimcUs  (east  of  centre 

Chlorine. 

Stage  of 

Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water, 

colonies 

millioij). 

In  feet.  • 

°C. 

l)er  cc. 

June  (1 . 

.  4 

23.5 

2(1 

22050 

10 . 

.  4 

22. H 

2(1 

25(HH) 

23 . 

.  3.4 

22 

28 

2)).5(H) 

29 . 

.  2.0 

20.5 

2(1 

18.500 

July  (1 . 

.  2.0 

22.0 

20 

12(H)0 

14 . 

.  3.7 

2)5.0 

28 

34(H10 

21 . 

10.8 

28 

17000 

Aug.  3 . 

.  5.3 

14.3 

32 

75(H) 

11 . 

.  4.7 

14.4 

21» 

121(H) 

23 . 

.  0.1 

8.(1 

:«) 

0800 

31 . 

.  (1.2 

7.5 

:«) 

2200 

Sept.  8 . 

.  (1 

0.3 

;h) 

42(HH) 

. 

.  0.(1 

(1.7 

10 

84(H) 

28 . 

.  (1.3 

5.3 

17 

I()(HH) 

Oct.  12  . 

.  (1.4 

3.5 

20 

140(H) 

19 . 

.  8 

3.2 

10 

(KHH) 

2(1 . 

.  8.2 

2.H 

10 

()(X)0 

Nov.  3 . 

.  7.4 

4 

0 

28(H) 

23 . 

O.fi 

12 

4.5(H) 

Dec.  7 . 

.  JS 

4.8 

3 

17)K) 

14 . 

.  7.(1 

4.0 

3 

1700 

21 . 

.  WJi 

5.3 

0 

IX  HH) 
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TABLE  XXXVI.— Mississippi  Rivek. 


Jefferson 

Barracks  (midstream). 

Chlorine. 

Stage  of 

Temperature 

No.  of 

Bate. 

(Pts.  per 

river 

of  water. 

colonies 

million). 

in  feet. 

“C. 

per  cc. 

.June  fi . 

.  4 

23.5 

26 

1.5400 

16 . 

.  4.6 

33.8 

26 

17.500 

32 . 

23 

28 

56500 

29 . 

.  3 

20.5 

26 

43000 

July  6 . 

.  2.75 

33.  i» 

26 

14.51X) 

14 . 

.  3.9 

23.6 

28 

21000 

21 . 

.  5.1 

19.8 

28 

17000 

27 . 

16.2 

30 

8000 

Aujr.  3 . 

. 

14.3 

32 

14500 

11 . 

.  5 

14.4 

3t» 

4400 

23 . 

.  6.1 

8.6 

30 

3550 

31 . 

.  6.4 

7.5 

30 

5100 

Sept.  8 . 

.  7 

6.3 

30 

10100 

2*^ . 

.  8 

6.7 

19 

20t(X) 

28 . 

.  7.3 

5.3 

17 

4900 

Oct.  12 . 

.  8 

3.5 

20 

.5200 

18 . 

.  10.2 

3.2 

19 

14100 

26 . 

.  9.8 

2.8 

19 

.5800 

Nov.  3 . 

.  8.3 

4 

.5900 

23 . 

.  6.8 

6.6 

12 

4000 

Dec.  7 . 

.  8 

4.8 

3 

3100 

14 . 

.  8.2 

4.6 

2 

2700 

21 . 

.  11.6 

5.3 

0 

9800 

TABLE  XXXVII.-Mississippi  Rivek. 


Jffferxon  liarmckx  {vrcxt  of  centred. 


Chlorine. 

Shite  of 

'I'emperature 

No.  of 

Date. 

( Pts.  per 

river 

of  water. 

colonies 

million). 

in  feet. 

°C. 

per  cc. 

.Tune  6 . 

.  4.15 

23.5 

26 

262.50 

16 . 

.  3.5 

33.8 

26 

180(K) 

23 . 

.  3.6 

33 

28 

12000 

29 . 

.  2.9 

20.5 

26 

4(KX*) 

July  6  . 

33.  i» 

26 

21500 

14 . 

.  4.3 

23.6 

28 

31000 

21 . 

19.8  • 

38 

27000 

27 . 

.  4.6 

16.2 

30 

9500 

Aug.  3 . 

.  5.3 

14.3 

32 

34(KX) 

11 . 

.  5.9 

14.4 

29 

1301X) 

23 . 

.  6.6 

8.6 

30 

tHi50 

31 . 

7.5 

30 

22900 

Sejit.  8 . 

.  7.4 

6.3 

30 

37800 

*>•> 

.  9.6 

6.7 

19 

916(X) 

28 . 

.  9.2 

5.3 

17 

97(X) 

Oct.  12 . 

.  10.4 

3.5 

20 

147(X) 

19 . 

.  *1.7 

3.2 

19 

278(X) 

26 . 

.  12.4 

3.8 

19 

22100 

Nov.  3 . 

.  12.8 

4 

9 

KXXX) 

2:t . 

.  11 

6.6 

12 

12l(X) 

Dec.  7 . 

.  13.1 

4.8 

3 

3700 

14 . 

.  11.8 

4.6 

2 

3200 

21 . 

.  13.6 

5.3 

0 

4800 
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TAHhE  XXXVIll.— MissibSiPPi  River. 

Jeff'ermn  Ji<ii-rach»  (west  bank). 

Chlorine.  Stage  of  Temperature 

No.  of 

Date. 

(Pts.  per 

river 

of  water. 

colonies 

million). 

in  feet. 

“C. 

per  cc. 

June  <) . 

4.4.5 

23. 5 

20 

242.50 

hi . 

3.5 

22.8 

2ti 

27000 

22 . 

22 

28 

27000 

2!t . 

3 

20.5 

26 

18000 

July  ti . 

3.1 

22.9 

20 

420(10 

14 . 

4.4 

23.0 

28 

26500 

21 . 

3.9 

19.8 

28 

20000 

. 

4.5 

10.2 

30 

12.500 

Aug.  3 . 

(i.ti 

14.3 

32 

51000 

11 . 

5.7 

14.4 

29 

.5050 

23 . 

7.2 

8.0 

30 

1.59.50 

31 . 

7.4 

7.5 

:!0 

371X10 

Sept.  8 . 

7.5 

0.3 

30 

6.5300 

. 

10.2 

ti.7 

19 

42200 

28 . 

10.5 

5.3 

17 

2:1800 

Oct.  12 . 

11.2 

3.5 

20 

27400 

lit . 

10 

3.2 

19 

31(KI0 

2« . 

12.8 

2.8 

19 

34700 

Nov.  3 . 

12.3 

4 

S) 

18.500 

2!1 . 

12.8 

0.6 

12 

8700 

Dec.  7 . 

14.2 

4.8 

3 

104(K) 

14 . 

13.2 

4.6 

2 

4!H)0 

21 . 

15.3 

5.3 

0 

.5900 

Tlie  averages  of 

the  results  detailed  in  the  preceding  tables  are  as 

fellows: 

Dkspi.aisicp 

1  AM)  Ii.i.iNois  Rivers,  Buidoeport  to  (iiiAFTON. 

Distance  from 

Chlorine.® 

No.  of 

No.  of 

Collecting  stations.  Hridgeport 

(Pts  per 

colonies 

determ  i- 

in  miles. 

millioni. 

p(*l'  cc. 

nations. 

Hridgeport  .... 

.  0 

119.2 

124.5000 

19 

I.ockport . 

.  29 

1 17.4 

050000 

30 

Joliet . 

.  33 

104.8 

480000 

28 

Morris . 

08. 1 

439000 

20 

Ottawa . 

.  81 

.58.5 

27400 

20 

ha  Salle . 

.  9.5 

40.1 

10300 

31 

Henry . 

,  .  ..  123 

44.2 

1 1200 

29 

Avervville . 

.  159 

40.9 

3000 

30 

Wesley  City  . . . 

.  105 

40.9 

758000 

I’ekin . 

38.4 

492000 

29 

Havana  ...... 

.  199 

30.2 

10800 

20 

Heardstown .... 

.  231 

29.3 

14000 

20 

Kampsville  .... 

.  288 

22.9 

4800 

19 

Grafton . 

.  318 

18.3 

10200 

28 

sTlie  aveniiies  of  tlie  chlorines  here  {^iveii  will  not  in  all  cases  he  found  to  eorrcs- 
pond  exaetly  with  the  averaires  of  the  ti^fiires  j^iven  in  the  detailed  tables;  the  reason 
heiny;  that  occasionally  a  bacterial  sample  was  discarded  or  lost  and  does  not  api)car 
in  tile  tables,  while  the  chlorine  was  determined  as  usual.  The  averaj^es  in  this 
colnmn  are  based  on  all  the  ehlorine  determinations,  Tlie  dilterence  is,  liowever, 
trivial. 
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Pkincii-al  Thibltahiem  op  the  Illinois  River. 


Chlorine. 

No.  of  No.  of 

colonies  per  cc.  determinations. 

Despiaines  liiver  at  Lockport  . .  . 

7.0 

0180 

28 

Kankakee  River  at  Wilmington.  . 

.  .  3.4 

5000 

28 

Fox  River  at  Ottawa . 

4.00 

0.510 

20 

Rig  Verniiiion  River  at  I.a  Saile  . 

r.1.2 

7i»70 

;«) 

Sangamon  River  at  Chandlerviiie 

4.. 53 

5080 

21 

OTIIEK  C'OI.E 

KCTING  STATIONS. 

Mississippi  River  at  Grafton . 

2.8 

7000 

30 

Missouri  River  at  West  Aiton  . . . 

1 .5.4 

8200 

17 

St.  Louis  Tap  AVater . 

8.8 

2000 

10 

Cross  Sections  op  the  Mississi 

ppi  River 

RELOW  THE  Mouth 

OF  THE 

Illinois  River. 

E.  RANK.  E.  CENTRE.  CENTRE. 


No.  of 

determi-  Chlorine, 
tions. 

Bacterial 

Colonies. 

Ciilorine. 

Bacterial  Bacterial 

Colonies,  '-“lorine. 

.\lton .  2:5  7.0 

7000 

5.4 

7700  3.7  ■  0000 

Cliain  of  Rocks  .  .  i  . 

•Mitcheil . f 

12.500 

No  sample  taken.  7.0  12400 

Jelierson  Barracks  2:5  5.0 

17700 

.5.8 

13 100  C.4  13300 

W.  CENTKK. 

W.  HANK. 

Chlorine. 

Bacterial 

Colonies. 

1 _ Bacterial 

Chloiine.  Colonies. 

Alton  . 

o  Y 

o:ioo 

2.7  7700 

Chain  of  Rocks . j 

Mitcheil . )' 

7.8 

12000 

8.8  ll'.HlO 

Jelierson  Barracks  .... 

7.0 

21800 

8.2  25200 

All  the  residts  recorded  in  the  foregoing  tables  have  been  obtained 
U]ion  tiansported  samples  of  Mater,  and  are  unquestionably  open  to  crit- 
ieism  upon  this  score.  It  M'ill  be  observed  also  by  reference  to  the  de¬ 
tailed  tables,  that  at  most  stations  the  e.xaniinations  were  begun  toM^ards 
the  end  of  the  high  Mater  period,  Mhen  the  numbers  of  bacteria  M-ere 
relatively  higher  than  during  the  prolonged  Iom’  Mater  period  that  fol¬ 
lowed.  It  ]noved  impossible,  hoMever,  to  arrange  for  the  collection  to 
begin  at  all  the  stations  at  the  same  time,  although  every  etfort  M'as  made 
to  this  end.  At  AVest  Alton,  oM'ing  to  local  difficulties,  the  regular  col¬ 
lections  of  Missouri  River  Mater  M'ere  not  begun  till  July  27,  so  that 
the  average  given  in  the  table  is  considerably  loMer  than  would  have 
been  the  case  if  high  Mater  figures  for  the  Alissouri  had  been  obtained. 
The  resulting  averages  for  the  Alissouri  River  are  hence  considerably 
lower  than  those  for  the  cross-section  at  the  Chain  of  Rocks,  and  a  com- 
])arison  Mould  be  misleading."  The  averages  for  all  the  stations  upon  the 
Illinois  River  are,  hoMOver,  quite  strictly  comparable  throughout. 


'■The  nverasre  iit  the  Inlet  Tower  at  the  Chain  of  Rocks  for  a  period  correspondiiiir 
with  tliat  covered  by  tlie  Missouri  River  analyses  is  (WOd  (Missouri  River  at  W.  .\lton, 
8200). 
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As  has  already  been  stated,  we  have  endeavored  to  supplement  and 
control  the  results  obtained  upon  transported  samples  by  numerous  ex¬ 
aminations  made  immediately  at  the  point  of  collection.  A  series  of 
samples  collected  at  Bridgeport  during  the  summer  months  and  plated 
directly  gave  much  larger  counts  than  those  resulting  from  the  plating 
of  the  transported  samples.  This  is  undoubtedly  due  to  the  destruction 
of  bacterial  life  in  the  ice-packed  sample  (cf.  Jordan  and  Irons,  1899). 
Tlie  correct  average  from  May  to  August  would  unquestionably  he  up¬ 
wards  of  3,000,000.  The  Lockport  sami)les  also,  especially  those  for 
August,  show  in  a  marked  degree  the  diminution  due  to  ice-packing. 
The  Morris  samples  for  July  17,  August  31,  August  39.  September  16 
and  October  16  also  show  the  effect  of  transportation;  a  series  of  13 
samples  collected  at  different  times  during  these  same  months  and 
plated  immediately  never  afforded  numbers  so  low  as  those  recorded  on 
these  dates.  On  one  occasion,  for  example,  three  samples  of  water  were 
plated  at  Morris  immediately  after  collection  (initial  temperature  of  the 
water  38°  C.)  and  gave  respectively  535,000,  413,000  and  339,000  col¬ 
onies  per  cc.  The  bottles  were  packed  in  ice  by  the  ordinary  method 
and  shipped  at  once  to  Chicago,  where  the  samples  were  plated  in  the 
usual  routine.  The  counts  obtained  after  transportation  were  respec¬ 
tively  54,500,  50,500  and  73,500.  If  it  were  necessary,  examples  of  this 
sort  might  be  multiplied  indefinitely. 

The  diminution  of  numbers  that  takes  place  in  ice-packed  samples 
does  not,  however,  result  in  a  stable  condition;  after  a  time  renewed  repro¬ 
duction  sets  in,  even  when  the  water  is  kept  constantly  at  a  low  tem- 
peiature,  and  the  numbers  may  rise  to  a  point  higher  than  that  orig¬ 
inally  obtaining.  This  secondary  multiplication  occurred  not  infre¬ 
quently  in  the  waters  from  the  lower  end  of  the  Illinois  Kiver  and  in 
those  from  the  Mississippi  Eiver  which  had  to  he  transported  nearly  400 
miles  before  reaching  the  laboratory.  At  Grafton,  direct  platings  from 
the  Illinois  and  Mississippi  Eivers  gave  almost  invariably  lower  counts 
than  were  obtained  from  the  transported  samples. 

For  example : 


Grafton,  Illinois  lliver,  Oet. 

Direct  i)latin}!:s 

:!4.5 

2i0 

“  “  “ 

Sliipped  “ 

. 1200 

800 

440 

“  Mississii)pi  “  “ 

Direct  “ 

28.50 

2020 

“  “  “  “ 

Sliippcd  “ 

4.500 

1 .500 

“  Illinois  “  Nov. 

Direct  “ 

100 

:!2.5 

“  “  “  “ 

Sliippcd  “ 

. loOO 

880 

580 

“  Mississippi  “  “ 

Direct  “ 

. 1200 

8.50 

1 1  50 

“ 

Slii])i)ed  “ 

. 2000 

5800 

.540 

Edwin  Oakes  Jordan 


305 


Multiplication  of  bacteria  in  transit  was  also  shown  in  a  marked  de¬ 
gree  in  the  samples  collected  at  the  Chain  of  Hocks,  where,  owing  to  the 
fact  tliat  the  place  of  collection  is  difficnlt  of  access  and  a  long  hoat-row 
is  necessary,  the  packing  in  ice  was  nnavoidahly  delayed,  and  lalioratory 
counts  were  nnifonnly  higher  than  those  made  on  samples  plated  immedi¬ 
ately  after  collection.  There  is  ample  evidence,  therefore,  to  support 
the  view  that  during  most  of  the  period  covered  hy  these  analyses  the 
recorded  averages  range  lower  than  the  true  figures  as  regards  the  col¬ 
lecting  stations  near  Chicago,  and  are  higher  than  slionld  actually  he  the 
case  as  regards  the  more  distant  points.  The  apparent  ditference  be¬ 
tween  the  number  of  colonies  found  in  the  Illinois  River  at  Averyville 
and  Grafton,  for  instance,  may  he  explained  in  this  way;  the  real  differ¬ 
ence  is  inconsiderable. 

Early  in  the  investigation  the  importance  of  following  so  far  as  prac¬ 
ticable  the  changes  taking  place  in  one  and  the  same  body  of  water  was 
recognized,  hut  the  pressure  of  routine  work  rendered  such  studies  few 
in  number.  The  most  important  of  those  were  carried  out  between 
]\[orris  and  Ottawa,  where  laboratory  experience  had  shown  us  that  a 
change  took  place  which  might  he  properly  denominated  as  puidfication. 
Several  series  of  observations  were  made  upon  this  stretch  of  river,  but 
as  they  all  led  to  the  same  result  only  the  two  most  important  will  he 
here  described.’ 

'I'he  first  of  these  was  carried  out  on  October  T  u])on  a  stretch  of  the 
Illinois  River  just  below  ]\rorris.  The  day  was  bright  and  sunny,  the 
temperature  of  the  air  being  7°  C.  at  six  oVlock  in  the  morning  and 
reaching  20.5°  by  midday.  A  slight  l)reeze  rutiled  the  surface  of  the 
water  in  the  middle  of  the  day,  hut  was  at  jio  time  strong.  The  river 
was  very  low  (5  feet)  and  the  current  exceedingly  sluggish.  The  upper 
cross-sections  were  taken  at  a  ])oint  just  above  the  jMazon  River,  the 
lower  about  three-fourths  of  a  mile  helow  the  mouth  of  the  Waupecan 
Greek.  (Neither  of  these  streams  was  contributing  any  water  to  the 
Illinois  at  this  date.)  This  stretch  of  river  is  almost  exactly  three 
miles  in  length.  The  rate  of  flow  between  the  two  points  was  deter¬ 
mined  hy  weighted  floats  and  hy  the  use  of  fluorescein  solution  and 
was  found  to  he  very  close  to  one-half  mile  ])er  hoiir.  Four  sei’ies  of 
cross-sections  at  hourly  intervals  were  taken  at  the  u]i]ier  station  (A), 
and  these  were  followed  hy  a  similar  series  at  the  lower  station  (B).  he- 

’  I  am  greatly  indebted  to  my  chief  assistiint,  Mr.  E.  K.  Irons,  for  aid  in  tlie  i)lan- 
ning  and  conducting  of  tliese  somewiiat  arduous  ol)servations,  and  I  am  glad  to 
acknowledge  tliat  tlieir  accuracy  and  completeness  are  largely  due  to  the  signal  zeal 
and  ability  with  wiiicli  he  devoted  himself  to  this  work. 
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ginning  six  hours  later.  Platings  were  made  within  the  hour.  The  sam- 
l)les  designated  as  from  the  right  ”  and  “  left  ”  hanks  respectively  were 
taken  midway  between  the  shore  and  the  centre  of  the  stream.  At  A 
the  river  was  about  150  yards  wide,  at  B  about  125. 

The  figures  given  for  the  number  of  colonies  are  the  averages  of  counts 
of  two  separate  platings. 

Ui'i’EK  Station  (A). 


Xo. 

Tnrbulitj' 

(Ha/.en’s 

Temp. 

Chlorine 

Hour. 

colonies 

Wacer, 

(pts.  per 

per  cc. 

scale"). 

°C. 

million). 

(i.1.5  A.  M. 

Right  bank. 

.  500000 

.16 

13 

Centre . 

.  378000 

12 

13 

Left  bank  .  , 

.  42000 

.075 

13 

7.1.5  A.  M. 

Right  bank . 

.  308000 

.17 

13 

Centre . 

.  344000 

.125 

lo 

Left  bank .  . 

.  3.5000 

.  0TT5 

13 

S.15  A.  M. 

Riglit  bank. 

.  752000 

.10 

13.5 

01 

Centre . 

.  304000 

.11 

13 

60 

Left  bank  . . 

.  30000 

.0075 

lo 

45 

‘.».15  A.  M. 

Right  bank . 

.  554000 

.16 

14 

Centre . 

.  472000 

.11 

14 

Left  bank  . . 

.  70000 

.  075 

14 

Lowek  Station  (H)- 

Xo. 

-(Three  miles 

Tnrbiilitj' 

below  (A). 

Temp. 

Chlorine 

Hour. 

colonies 

(Ha/.en's 

Water, 

(l)ts.  jier 

per  ec. 

scale). 

'’C. 

million). 

1 2. 1 5  R.  M. 

Riglit  bank . 

.  480000 

.13 

10 

Centre . 

.  327000 

.15 

16 

Left  bank  . . 

.  87000 

.05 

15.5 

1.15  I'.  M. 

Right  Rank , 

.  281000 

.1475 

16 

Centre . 

.  102000 

.  00 

16 

Left  bank  . . 

.  10000 

.  042 

16 

2.15  P.  M. 

Riglit  bank . 

.  400000 

.13 

17 

87 

Centre . 

.  240000 

.  00 

16 

'J’O 

Left  bank . . 

.  22000 

.045 

16 

52 

3.15  P.  .M. 

Right  bank . 

.  412000 

.135 

17 

82 

Centre . 

.  410000 

.  12 

16 

78 

Left  bank.. 

.  11000 

.0433 

17 

53 

«  Ila/.iMi  (IHO'.t). 
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The  averages  are  as  follows: 


No.  colonies  per  cc.  No.  of  hourly 


Distance. 

Itt.  bk. 

Centre. 

Lft.  bk. 

analyses. 

Upper  station  A . 

Lower  station  B  (after 

54:i700 

38!)70t) 

46500 

4 

(>  hours) .  miles 

Percentage  decrease. 

:^!)3250 

27.6 

273.700 

211.8 

34750 

25.3 

4 

The  chlorine  determinations  show  that  the  mixing  of  the  Kankakee 
water  and  the  Desplaines  is  very  incomplete  both  at  the  upper  station 
(9.7  miles  below  the  junction  of  the  rivers)  and  at  the  lotver,  and  this  is 
entirely  confirmed  by  the  bacterial  cross-sections  at  the  two  points.  Be¬ 
tween  A  and  B  a  great  bacterial  diminution  occurs,  and  this  in  almost 
equal  degree  along  the  seriously  polluted  right  hank  and  along  the 
comparatively  uncontaminated  left  hank. 

A  second  series  of  observations  was  carried  out  in  a  similar  fashion 
u])on  a  longer  stretch  of  river.  The  distance  from  the  regular  collecting 
station  at  ]\Iorris  to  the  regular  collecting  station  at  Ottawa  (see  map)  is 
about  24  miles,  and  the  rate  of  flow  between  the  points  averaged  one- 
half  mile  per  hour  at  the  time  our  observations  were  made.  A  point 
midway  between  Morris  and  Ottawa  was  selected  (Seneca)  and  a  three- 
day  series  of  observation  was  planned.  The  sun  was  wholly  obscured  by 
clouds  during  these  three  days,  hut  no  rain  fell.  The  results  are  given 
as  before  in  tabular  form.” 


9  Ill  coniifction  with  tliis  series  may  be  sfiven  the  averasies  of  the  regular  chemical 
determinations  for  the  period  between  October  23  and  November  20. 


Station. 

No.  of 
determi¬ 
nations. 

Itesidue  on  ovainmition. 

O.xygen  consumed. 

Totiil  By  dissolved  Uy  suspend- 
matter.  ed  matter. 

Total. 

Dissolved.  Suspended. 

Morris. . 

5 

31)8 

380  18 

10.7  8.4  2.3 

Ottawa  . 

5 

356 

353 .  .5  2 .  .5 

7.5  7.3  .2 

Nitro(ren  as 

Free  ammonia.  Albuininohl  ammonia. 


Total. 

Dissolved. 

Suspended. 

Nitrites. 

Nitrates. 

7.08 

.860 

.478 

.382 

.028 

.340 

(1 . 5 

.364 

.315 

.04!) 

33'’ 

.648 
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Ui’i’EK  Station  (Morris). 


Hour. 

No. 

colonies 
per  cc. 

'Turbidity  Temp. 

(Ha/.en’s  water, 

scale).  °C. 

Chlorine 
(pts.  per 
million). 

7.1.5  A.  M.,  Nov.  9. 

Right  bank . 

433000 

.153  7 

Centre . . 

337000 

.13  7 

Left  bank . 

30000 

.046  7 

11.30  A.  M.,  Nov.  9. 

Right  bank.  ... 

1 77000 

.17  7.25 

67.5 

Centre . 

14.5000 

.16  7.25 

47.5 

Left  bank . 

7000 

.02  7.25 

8. 

2.00  P.  M.,  Nov.  9. 

Right  bank .  . . . 

174000 

.15  8 

Centre . 

131000 

.135  8 

Left  bank . 

49000 

.  05  8 

Middle  Station  (Seneca). 

Hour. 

No. 

colonies 
per  cc. 

Turbidity  (Hazen’s  scale). 

Temp. 

water, 

°C. 

Chlorine 
(pts.  i)er 
million). 

9  A.  M.,  Nov.  10. 

Right  bank . 

134000 

less  than  .09,  more  than  .07 

9.5 

51 

Centre . 

47000 

(Turbidity  readings  could  not 

9.5 

44 

Left  bank . 

23000 

be  taken  accurately  at  this 
])oint  and  at  Ottawa  owing 

9.5 

35 

1.30  P.  M.,  Nov.  10. 

to  presence  of  water  weeds.) 

Riglit  bank . 

(57000 

11 

Centre . 

52000 

11 

Left  bank . 

52000 

11 

Lowek  Station  (Ottawa). 

Hour. 

10  A.  M.,  Nov.  1 1. 

No. 

colonies 
per  ee. 

Turbidity  (Hazen’s  scale). 

Tem|). 

water, 

°C. 

Chlorine 
(pts.  per 
million). 

Right  bank . 

11000 

less  than  .04 

9 . 5 

49 

Centre . 

10500 

9 . 5 

46 

Left  bank . . 

S900 

9.5 

43 

1  P.  M.,  Nov.  11. 

Right  bank . 

1  2000 

9 . 5 

Centre . 

11000 

9 . 5 

Left  bank . 

1  8000 

9.5 

Tlie  averaccs  arc  as  follows: 


Upper  Station  (Morris)  .  .  . 
Middle  Station  (Seneca). . . 
Lower  Station  (Ottawa)  .  . 


Distance  from 
Morris. 


\  12  miles, 
i  24  liours. 
3  24  miles. 
(  4.S  hours. 


Rt.  bk. 

Centre. 

Lft.  bk. 

analyses. 

261000 

204000 

29000 

3 

lOOOOO 

49000 

35000 

3 

1 1 500 

10700 

13.500 

o 
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During  tliis  flow  of  24  miles,  therefore,  the  Illinois  Kiver  became 
nearly  free  from  the  great  mass  of  sewage  bacteria  with  which  it  was 
originally  laden.  In  fact,  the  bacterial  content  of  the  Illinois  at 
Ottawa  was  not  greatly  in  excess  of  that  of  the  local  tributary  streams.'" 

PROBABLE  CAUSE  OF  THE  DISAPPEARANCE  OF  SEWAGE  BACTERIA. 

Among  the  chief  causes  that  have  usually  been  adduced  as  the 
essential  factors  in  the  purification  of  streams  are  dilution,  sedimenta¬ 
tion,  the  effect  of  agitation  and  aeration,  the  germicidal  influence  of 
sunlight  and  the  activity  of  the  plankton. 

Mechanical  Agitation  and  Aeration. — There  is  no  evidence  that 
suc'h  mechanical  agitation  as  occurs  in  a  stream  so  sluggish  as  the 
Illinois  is  injurious  to  bacterial  life  in  any  way.  Indeed,  the  experi¬ 
mental  evidence  derived  from  the  exposure  of  bacteria  to  a  moderate 
degree  of  agitation  (Meltzer,  1894)  points  to  the  opposite  conclusion; 
it  is  true  that  cell-division  is  sometimes  favored  by  gentle  shak¬ 
ing.  Ath-ation  of  the  water  to  the  extent  that  takes  place  in  a  slowly 
moving  river  can  likewise  be  at  once  dismissed  as  having  no  direct 
untoward  action  upon  the  kinds  of  bacteria  appearing  in  the  ordinary 
plate  count,  whatever  may  be  its  effect  upon  the  strict  anaerobes  or 
upon  the  chemical  constituents. 

Dilutioii. — ^Whenever  a  polluted  stream  is  diluted  with  purer  water 
from  underground  sources  or  from  tributaries  the  immediate  effect 
must  be  to  diminish  the  number  of  objectionable  bacteria  in  a  given 
quantity  of  the  w'ater.  This  influence  of  dilution  in  enhanciiig  the 
purity  of  wmter  in  a  stream  is  sometimes  referred  to  as  not  being  a 
“  true  ”  purification,  although  it  is  diflicult  to  understand  just  what  is 
gained  by  such  a  distinction.  If  a  water  contain  one  hundred  typhoid 
bacilli  to  the  litre  and  be  then  diluted  to  twenty  times  its  bulk  with 
pure  watci’,  each  litre  Avill  then  contain  only  five  typhoid  germs  and, 
apart  from  any  influence  the  dilution  may’  have  upon  the  life  of  the 
germs,  a  ]iurification  of  the  Avater  will  have  occurred  to  just  the  same 
extent  as  if  95  per  cent  of  the  typhoid  bacteria  had  perished,  and  the 
danger  from  drinking  a  small  quantity  of  such  a  Avater  Avould  be 

'“The  number  of  colonies  found  in  tlie  water  of  tlie  Fo.\  River  on  November  11  was 
6850  (average),  a  number  not  much  lower  than  that  found  in  the  Illinois  (11000). 
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diiiiiiiislied  in  exactly  the  same  proportion.  In  the  case  of  the  Illinois 
Iviver  between  Morris  and  Ottawa,  however,  dilution  played  no  appre¬ 
ciable  part  in  bringing  about  the  decrease  of  bacteria  observed  during 
October  and  November.  This  is  clearly  shown  by  the  chlorine  de¬ 
terminations.  d'he  remarkable  fact  that  the  difference  between  the 
right  and  left  halves  of  the  river  can  be  traced  from  the  union  of  the 
Kankakee  and  Desplaines  to  Ottawa,  thirty-three  miles  below,  shows 
the  tardiness  with  which  diffusion  occurs.  A  similar  failure  of  the 
waters  of  the  Illinois  and  Mississippi  to  commingle  appears  from  the 
chlorine  determinations  at  Alton,  twenty  miles  below  the  month  of  the 
Illinois. 

Action  of  Sunlight. — As  regards  the  action  of  sunlight  in  the  par¬ 
ticular  instance  studied  by  us,  nothing  very  definite  can  be  stated,  but 
such  incidental  evidences  as  we  gathered  do  not  warrant  us  in  attach- 
iug  great  importance  to  this  factor.  In  the  first  place  the  occurrence 
of  a  striking  diminution  in  the  number  of  bacteria,  whether  the  sun 
shone  brightly  as  in  the  first  Morris  series  or  was  entirely  obscured, 
as  in  the  Morris-Seneca-Ottawa  observations,  forbade  the  assump¬ 
tion  that  the  main  factor  in  the  bacterial  disappearance  was  the  germi¬ 
cidal  action  of  the  sun’s  rays.  Tributary  streams,  moreover,  like  the 
Fox  and  Kankakee,  showed  as  high  a  bacterial  content  during  the 
months  when  the  sun  was  powerful  as  during  those  in  which  the  sun’s 
influence  was  most  feeble  (cf.  June  and  November).  The  first  Morris 
series  affords  an  interesting  opportunity  to  compare  two  bodies  of 
water  flowing  side  by  side  under  generally  uniform  conditions,  but 
into  one  of  which  sunlight  penetrates  much  farther  than  into  the 
other.  Keference  to  the  table  of  turbidities  will  show  that  whereas 
in  the  left  half  of  the  river  a  platinum  wire  0.0  -  of  an  inch  in  diameter 
could  be  seen  at  a  depth  of  14  inches,  in  the  right  half  it  was  not 
visible  more  than  G  or  7  inches  below  the  surface.  In  spite  of  this 
material  difference  in  the  depth  to  which  light  could  penetrate,  the 
rate  of  bacterial  decrease  Avas  substantially  the  same  on  the  two  sides 
of  the  river  (p.  307).  The  main  body  of  the  water,  if  even  moderately 
liinh  turbidity  prevails,  must  be  virtually  unaffected  by  the  sun’s  rays. 

In  this  connection  it  may  be  stated  also  that  A'ertical  sections  have 
been  taken  at  many  points  in  the  course  of  the  investigation  without 
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over  rovt-aling  any  definite  vertical  distribntion  of  the  bacteria.  At 
Morris,  for  instance,  on  November  0,  the  following’  averages  were 


obtained: 

^8  inchos  below  surface .  177000 

Morris,  Hifflit  bank  J  2.',  feet  below  surface .  18SOOO 

I  4  feet  below  surface .  149000 

and  at 

1  i.  1  6  iuelies  below  surface .  10500 

Ottawa,  Midstream 

I  3  feet  below  surface .  .  8900 


T  am  not,  however,  prejiared  to  aifirni  that  the  sun’s  rays  are  always 
and  entiri'ly  Avithont  effect  upon  the  bacteria  in  river  water,  although 
they  certainly  ])lay  an  insignificant  ])art  in  the  case  of  turbid  Avaters, 
and  cannot  be  field  in  any  degree  responsible  for  the  bacterial  de- 
ert'ase  that  took  ])lace  Ix'tween  Morris  and  OttaAAa  on  TsoA’cmber  9-11. 

liifhieiur  of  Planlihnu — The  influence  of  the  jilankton  is  perhaps 
yet  more  ])roble]natical  than  that  of  the  sunlight.  There  are  at  least 
two  ways  possible  in  Avhich  the  jdankton  might  exert  an  influence  upon 
the  bacterial  ])0])nlation — either  by  consuming  the  food-supply  of  the 
latter  or  by  devouring  the  bacteria  themselves.  T  have  been  unable 
to  satisfy  myself,  hoAA’ever,  that  in  the  !Morris-OttaAva  stretch  of  river 
th(‘  plankton  is  active  in  either  of  these  ])articnlars.  In  the  first 
])lace,  the  albnminons  substances  that  serA’e  as  food  for  bacteria  cannot 
be  as  advantageously  attacked  by  the  jilankton  as  by  the  bacteria, 
and  th(‘  jirescMua*  of  a  f('W  score  of  diatoms  (chietly  Astm’ionella, 
Tabelhiria  and  Synedra)  is  hardly  likely  to  affect  materially  the  main 
sonrees  of  bacterial  food-snjijily.  Tn  tlu'  second  jilace,  Avhile  it  is  jios- 
sible  that  some  bacteria  may  fall  a  jirey  to  the  riA’cr  infusoria,  there 
is  no  evidence  that  this  can  account  for  any  large  jiart  of  the  bacterial 
(liminntion,  and  then*  is  anijile  evichmee  from  laboratory  experiments 
to  show  that  a  bacterial  decrease*  always  follows  on  the  heels  of  a  bac¬ 
terial  multiplication  in  seAA’age  or  jiolluted  Avaters  in  Avhich  there  is  no 
jilankton. 

Monuiver,  althongh  no  extemh'd  systematic  oliser\ations  of  the 
jilankton  liaA’e  been  made,  rejieated  examinations  of  the  Avater  at 
.Morris  liy  llie  Sedgwick-Kal’ter  melliod  IniA'e  shown  a  eonsjiicnoiis  lack 
of  abundant  jilankton  life*  at  this  jioint,  and  1  am  hence  unable  to 
assign  great  inijiortance  to  this  cause  as  a  factor  iu  the*  obser\’ed  jiuri- 

fication. 
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Se(Ume)itation. — In  sodiineiitation  a  more  potent  factor  is  uiidoiibt- 
edly  at  work  tlian  any  yet  mentioned.  It  would  be  difficult  to  devise 
more  nearly  ideal  conditions  for  sedimentation  tlian  those  that  exist 
in  the  Illinois  River.  In  the  lower  225  miles  of  its  coni’se  there  is  a 
fall  of  only  about  30  feet,  and  owing  to  the  presence  of  several  dams 
this  natural  condition  of  semi-stagnation  is  still  further  accentuated 
by  the  formation  of  a  series  of  sluggish  pools.  “  During  flood  stages 
the  valley  is  a  great  lake  of  say  700  square  miles,  into  which  flood 
watei-s  from  above  and  from  tributaries  are  precipitated  and  from 
the  lower  end  of  which  they  run  out  more  at  leisure  in  reduced  and 
equalized  volume.”  Under  these  circumstances  the  settling  out  of 
food  substances,  the  entanglement  of  bacteria  in  slowly  subsiding 
pai'ticles  and  possibly  the  slow  sinking  of  (he  bacteria  themselves,  all 
have  the  fullest  play  and  must  all  work  to  diminish  the  number  of  sus¬ 
pended  bacteria.  There  can  be  no  doubt  that  the  various  influences 
summed  up  by  tlie  term  sedimentation  are  sufficiently  powerful  to 
obviate  the  necessity  for  summoning  another  cause.  It  is  noteworthy 
that  all  the  instances  recorded  in  the  literature  where  a  marked  bac¬ 
terial  purificatiou  has  been  observed  are  precisely  those  whei’o  the  con¬ 
ditions  have  been  most  favorable  for  sedimentation. 

Exhaustion  of  Food-supply. — There  is  one  aspect  of  the  subject, 
however,  that  demands  a  little  further  consideration.  This  is  the 
limitation  placed  upon  bacterial  life  by  the  exhaustion  of  the  food- 
supply.  I  am  inclined  to  think  that  usually  insuflleient  weight  is 
ascribed  to  this  factor.  Reference  to  the  ehemical  analyses  at  INForris 
and  Ottawa  (p.  307)  will  show  that  a  great  decrease  takes  ])lace  between 
these  two  stations  in  the  “  albuminoid  ammonia  ”  of  suspended  matter 
(from  .382  to  .040)  and  in  the  “  oxygon  consumed  ”  by  suspended 
matter  (from  2.3  to  .2).  This  obviously  represents  a  great  removal  of 
bacteilal  food  from  the  water,  and  there  is  no  need  to  assume  that  this 
removal  is  wholly  or  even  in  large  part  duo  to  the  process  of  sedi¬ 
mentation.  The  destruction  of  minute  floating  masses  of  albuminous 
.substances  by  bacteria  is  perfectly  competent  to  account  for  this  de¬ 
crease  in  organic  substance.  It  is  possible  that  the  larger  and  more 
flocculent  particles  slowly  subside  and  are  followed  by  swarms  of  bac¬ 
teria  Avhicb  complete  the  disintegration  on  the  bed  of  the  stream. 
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though  the  vertical  distribution  of  bacteria  shows  no  evidence  of  this 
(p.  311).  The  smaller  particles  are  doubtless  consumed  while  still  in 
suspension.  I  have  been  struck  by  nothing  in  the  course  of  the  inves¬ 
tigation  so  much  as  by  the  absence  of  extensive  deposits  of  the  foul 
black  mud  popularly  supposed  to  accumulate  on  the  bottom  of  sewage- 
polluted  rivers.  The  bed  of  the  Illinois  between  Morris  and  Ottawa  is 
singularly  free  from  any  deep  deposit  of  organic  matter,  although  the 
current  is  very  sluggish  and  sewage  in  increasing  quantities  has  been 
poured  into  the  river  for  thirty-five  years.  The  solid  organic  matter 
in  the  sewage,  therefore,  is  destroyed  either  while  still  in  suspension 
or  shortly  after  deposit.  'J’he  natural  effect  of  this  shrinking  of  the 
food-supply  is  to  cause  a  diminution  of  the  bacterial  population  de¬ 
pendent  iqion  it.  That  the  destruction  of  large  quantities  of  solid 
albuminous  substances  may  occur  simply  through  bacterial  agency  has 
imh'cd  been  conclusively  shown  in  the  so-called  septic  tank  method  of 
sewage  disposal,  and  no  one  can  fail  to  be  sti’uck  by  the  general  resem¬ 
blance  of  the  conditions  here  described  to  those  prevailing  in  the  septic 
tank.”  The  death  of  bacteria  under  these  circumstances  always  fol¬ 
lows  close  upon  the  heels  of  their  enormous  multiplication,  and 
whether  this  be  due  to  starvation  or  to  poisoning  by  the  products  of 
their  own  activity  need  not  here  be  discussed.  It  is  sufficient  to  rec¬ 
ognize  the  fact  that  the  decomposition  of  large  quantities  of  albumin¬ 
ous  substance  is  first  accompanied  by  great  bacterial  reproduction  and 
that  this  is  invariably  followed  l)y  a  season  of  speedy  and  extreme 
mortality  of  the  bacteria.  In  the  causes  connected  with  the  insuf¬ 
ficiency  or  unsuitability  of  the  food-supply,  is  to  be  found,  I  believe, 
the  main  reason  for  the  bacterial  self-purification  of  streams. 
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(From  tht^Phijuiologkal  Lahoruionj  of  the  Ohio  SUde  Uiiiverxily,  Coliimhnx.) 

The  purpose  of  this  article  is  to  present  the  results  of  some  experi¬ 
ments  undertaken  at  the  Ohio  State  University  to  determine,  first,  the 
degree  of  toxicity  possessed  hy  normal  urine,  and,  secondly,  the 
nature  of  the  substance  or  substances  lending  toxic  properties  to  this 
fluid.  The  importance  of  this  line  of  work  was  pointed  out  by  Prof. 
Ulcile,  and  the  iiu’estigations  were  carried  on  under  his  supervision. 

Before  giving  the  results  of  these  experiments,  however,  it  may 
be  stated,  as  a  matter  of  history,  that  poisonous  substances  were  long 
ago  believed  by  some  to  exist  in  normal  urine.  There  were  many, 
on  the  other  hand,  who  denied  the  presence  of  such  toxic  bodies  in 
this  excretion,  and,  as  a  consequence,  experimental  evidence  was 
.cought  to  support  each  side  of  the  question.  Investigations  along  this 
line  were  instigated,  in  the  first  place,  by  the  discussion,  in  the  early 
part  of  tliis  century,  of  the  cause  or  causes  of  uraemia.  The  first 
work  of  any  imiwrtance  was  done  about  that  time  by  Vauqueliu  and 
others,  who  imuh*  actual  demonstrations  of  the  toxicity  of  normal 
urine  by  intravenous  injections.  Ererichs,  however,  claimed  that 
death  resulting  from  siudi  procedures  Avas  due  to  suspended  solid 
elements  in  the  urine  and  to  poisonous  ammonium  carbonate  formed 
in  it  by  fermentation.  Yoit  Avas  the  first  to  point  out  that  potassium 
salts,  on  account  of  their  toxicity,  could  play  an  important  part  in 
iira'inin,  and  Eeltz  and  Bitter,  and  Astaschewsky  concluded  tliat  these 
salts  were  the  chief  toxic  bodies  in  normal  urine.  Among  those  Avho 
opposed  this  amoav  Avere  such  Avorkers  as  Schiffer,  Pouchet  and 
Bouchard,  Avho  satisfied  themselves  that  the  toxicity  Avas  due  largely 
to  the  presence  of  organic  conqiounds  of  an  alkaloidal  nature. 

J.epine,  Guerin,  Griffiths,  Eeltz  and  otliers  performed  experiments 
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showing  that  these  alkaloidal  bodies  were  increased  in  certain  morbid 
states,  as  in  measles,  di])htheria,  pnenmonia,  cholera,  etc.  (rriffiths 
claims  to  have  isolated  toxines  from  the  urine  of  pleurisy,  influenza, 
cancer,  and  epilepsy.  Prof.  Illeile  found  that  the  urine  was  decid¬ 
edly  more  toxic  after  epile]itic  attacks,  but  the  alkaloid  which  Grif¬ 
fiths  claims  to  have  isolated  from  such  urine  was  not  found,  although 
his  methods  were  closely  followed.  Observations  on  the  urine  of 
pathological  conditions  have  lately  been  very  numerous,  but  satis¬ 
factory  experimental  elucidation  of  the  degree  and  cause  of  the 
toxicity  of  normal  urine  is  wanting.' 

A  complete  account  of  the  methods  which  yielded  the  results  to  be 
stated  ])resently  is  omitted  from  this  article,  as  those  methods  have 
been  published  elsewhere.  It  will  suffice  to  outline  the  work  merely, 
and  to  give  the  more  important  results. 

Urine  was  collected,  usually  to  the  amount  of  4  litres,  from  healthy 
adults  Avho  were  not,  and  never  had  been,  users  of  tobacco.  It  was 
then  extracted  by  Brieger’s  method,"  which  after  various  trials  was 

>  The  following  are  among  the  works  which  may  be  consulted  for  a  consideration 
of  the  subject  of  the  toxicity  of  the  urine,  and  for  references  to  the  authors  cited 
and  the  other  ratiier  voluminous  literature: 

C.  Bouchard.  Leyons  sur  les  auto-intoxications  dans  les  maladies,  I’aris,  1887, 
also  Lectures  on  auto-intoxication  in  disease.  Transiuted  by  Thomas  Oliver.  Phiia- 
delpiiia,  1894. 

Neubauer  and  Vogel  (llui)i)ert).  .\nalyse  des  llarns,  Wiesbaden,  1898. 

H.  Roger.  “Les  intoxications”  in  Bouchard’s  Traitc  dc  patii.  gen.,  T.  i,  )).  77:>, 
Paris,  189.Ti. 

Hymans  van  den  Bergh.  Ueber  die  Oiftigkeit  dcs  llarns.  ZcilKchr.  f.  kiin.  MviL, 

1898,  XXXV,  ]).  .5:1. 

A.  Gottheiner.  Die  Lchre  von  den  llarngiftcn  in  patiiologischen  /ustanden. 
Jloiintxb.  iib.  d.  Oexaiiiintlcixt.  d.  Kr<(iikh.  d.  Ifitni-  it.  tSejii<d-.l///)iir<ac.'i,  1897,  ii,  pj). 
(549;  713. 

A.  Beck.  Ueber  die  Giftwirkung  des  Ilarnes.  I’lliigcr’s  Air/iir,  1S9S,  Ixxi,  p.  .5(19. 

W.  P.  Ilerringham.  An  account  of  some  exjieriments  upon  the  toxicity  of  normal 
urine.  Tmii.x.  Path.  tSor.,  London,  1899,  1,  p.  :193. 

Forchheimer  and  Stewart.  On  tlie  toxicity  of  the  urine.  .L/o  ■hiiirn.  Med.  Se., 

1899,  cxviii,  p.  397. 

'’Brieger’s  method  (Ueber  Ptomaine  and  Wcitcrc  Untersucli.  hb.  I’toinainc,  Berlin, 
188.5)  is  described  in  Vaugiian  and  Novy’s  Ptoinains,  Lciicoinuins,  Toxins  and  Anti¬ 
toxins,  Phiiadelphia  ami  New  York,  181M1,  as  well  as  in  otiicr  works  treating  of  the 
same  subject.  Tlie  method,  as  foilowed  by  the  writer,  was  essentially  as  follows: 

Four  litres  of  urine  were  treated  witii  lead  acetate  (sugar  of  lead)  until  no  precip- 
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found  to  be  the  best  for  extraction  of  normal  urine.  The  product 
thus  obtained  was  then  injected  in  a  concentrated  watery  solution 
subcutaneously  into  white  mice  in  doses  varying  from  three  to  seven 
minims.  The  following  are  in  brief  some  of  the  effects  of  these 
injections: 

1.  Mouse  injected  with  5  minims  of  extract  of  4  L.  normal  urine. 
Somnolence  came  on  in  10  minutes.  In  45  minutes  severe  spasmodic 
movements  appeared.  At  one  time  the  spasm  was  general  and  very  vio¬ 
lent.  These  symptoms  decreased  gradually  and  recovery  took  place  in 
about  24  hours. 

Seven  minims  of  the  same  material  killed  a  mouse  in  10  minutes,  the 
animal  dying  in  violent  convulsions. 

2.  Seven  minims  of  an  extract  from  another  urine  killed  a  mouse  in 
16  minutes.  Eespiration  became  very  irregular,  the  mouse  dying  in 
clonic  convulsions. 

3.  Six  and  one-half  minims  of  another  extract  caused  spasms  in  the 
legs.  Sometimes  the  legs  would  all  jerk  together,  or  would  be  jerked 
se])arately,  first  the  front  legs  together,  then  the  hind  legs  together. 
Respiration  was  irregular  and  difficult.  There  was  exophthalmus.  The 
symptoms  had  all  disappeared  in  three  hours. 

4.  Two  litres  of  urine  gave  two  separate  masses  after  removal  of  the 
mercury  with  IIoS,  the  one  soluble  in  alcohol  and  the  other  in  water. 
Tlie  alcohol  was  evaporated  from  the  one  part  and  the  mass  extracted 
several  times  with  more  alcohol,  which  was  finally  evaporated  and  the 
residue  taken  up  with  water,  the  slight  residue  remaining  being  filtered 
off.  Six  minims  of  this  produced  in  20  minutes  deep  somnolence  and 
dilatation  of  the  external  arterioles  and  capillaries.  No  other  symptoms. 

itate  was  formed.  The  jjrecipitate  was  then  filtered  off  and  the  filtrate  concentrated 
carefully  to  a  syruj).  This  syrup  was  then  extracted  with  alcohol  and  the  fil¬ 
tered  extract  was  treated  with  an  alcoholic  solution  of  the  lead  acetate.  Any  precip¬ 
itate  that  followed  was  liltercd  ott’,  and  the  filtrate  aijain  concentrated  and  extracted 
with  'M\%  alcohol.  This  alcoholic  extract  was  then  concentrated  aijain  and  taken  up 
with  water,  the  lead  in  the  watery  solution  beiiif;  removed  by  liydrogen  sulphide. 
After  lllterlnf;  off  the  precipitate  of  PbS  the  filtrate  was  acidified  with  hydrochloric 
acid  and  once  more  concentrated  to  a  syrup  and  extracted  with  alcohol.  To  this 
extract  a  saturated  alcoholic  solution  of  mercuric  chloride  Avas  added  till  no  further 
precipitate  was  formed.  This  jjrecipitate  was  dissolved  in  a  lariie  quantity  of  hot 
water  and  the  mercury  was  removed  by  hydrogen  sulphide.  The  water  was  evap¬ 
orated  and  tlie  residue  taken  ni)  finally  in  alcohol,  which  was  evaporated  when 
material  in  solution  Avas  to  be  injected. 
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Six  minims  of  the  original  mass  soluble  in  water  produced  the  oppo¬ 
site  condition  in  the  external  vessels.  In  20  minutes  the  respiration  was 
very  weak.  In  one  hour  the  reflexes  were  much  heightened.  These 
conditions  lasted  about  6  hours.  Mouse  recovered. 

5.  Six  minims  of  extract  of  4  L.  of  urine  caused  drowsiness  only. 

6.  Four  and  one-half  minims  of  extract  from  4  L.  of  another  sample 
caused  twitching  in  2|  minutes.  This  developed  into  severe  clonic 
spasms  which  occurred  every  few  minutes.  Res])iration  was  very  irregu¬ 
lar  and  finally  dyspnoea  became  pronounced.  The  reflexes  were  greatly 
heightened  in  21  minutes,  a  snap  of  the  finger  causing  spasm.  The 
exophthahnus  was  extreme.  In  25  minutes  the  reflexes  were  abolished. 
He  died  in  clonic  convulsions  26  minutes  after  injection.  The  action 
of  this  material  was  much  like  that  of  strychnine. 

It  is  apparent,  as  might  be  expected,  that  these  urines  varied  in 
their  toxicity.  There  was  likewise  variation  in  the  symptoms.  The 
nervous  system  was  affected  most  strongly  in  nearly  every  case. 
Respiration  was  often  very  irregular  and  labored.  In  one  case  a 
disturbance  of  respiration  was  the  only  symptom  observed.  Some¬ 
times  the  arterioles  of  the  extremities  were  dilated;  at  other  times  they 
were  not.  The  condition  of  the  heart  and  pulse  was  not  observed, 
but  it  is  reasonable  to  suppose  that  they  were  disturbed. 

We  particularly  desired  to  learn  whether  these  extracts  contained 
any  mineral  matter.  To  determine  this,  in  each  case  a  quantity  of 
the  extract  equal  to  that  injected  was  evaporated  to  dryness.  Usually 
a  large  residue  remained.  This  residiie,  however,  could  be  easily  de¬ 
stroyed  by  heat,  practically  no  ash  remaining  after  incineration  with 
a  Bunsen  flame.  There  was,  therefore,  no  mineral  matter  in  these 
extracts.  Tests  for  xanthin  compounds,  it  may  be  stated,  gave  also 
negative  results. 

Evidently  we  obtained  from  normal  urine  a  substance,  or  sub¬ 
stances,  of  an  organic  nature,  possessing  marked  toxic  properties.  The 
effects  described  above  could  have  been  due  neither  to  potassium 
salts  nor  to  any  of  the  organic  bodies  usually  included  in  the  list  of 
compounds  contained  in  normal  urine.  No  attempt  was  made  to 
isolate  the  substance,  or  substances,  that  produced  the  results  pre¬ 
sented,  the  intention  being  to  undertake  that  work  at  the  earliest 
opportunity. 
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